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Mr. Haggard/876-1862
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TO 1-V-$-IVB, Mr. Godfrey DATE October 14, 1964
R-P&VE-XJ-24-659
FROM S-IVB Secretary, Vehicle Mechanical Design
Integration Working Group, R-FPLVE-¥]T
SUBJECT Minutes of tie Vzhicle I echanical Design Integration

“orking Group ¥ eeting No. %, “-IVB Stage (Taturn I _>/VV_)

REFERENCE Memorandum R-P&VE-DIR(J)-64-529, dated September 2,
1964, Subject: '"Action Itemss {ron: the Vehicle Mechanical
Design Integration "’orking Group, '-IVR “tage, Meeting
No. > August 25-27, 15 ¢ (Saturn IB/Vy

! 1. Thre sixth meeting of the Vehicle Mechanical Design Integration
“orkicg Group (VMDIWG), S-IVB Stage convened at the Douglas Aircraft

s s § (_,L)mpl’ly, Inc. (DAC) Huntington Beach facility, August 26-27, 1964. The
§\§ 8 meetmd agenda, reference memorandum, and the meeting minutes {incluling
" - \§ dppendluea A thru CC) are enclosed for inforir.ation transn.ttal to DAC.
<+ |\ _
o 2. The paragraph headings in the minutes are the same as the headings
Al listed in the agenda. The 219 page DAC documrent ,Prepared for the meeting,
‘el is listed as appendix A. Other appendices r ecuvcd during or aiter the
’ z meetmg have been inserted in appendix A to cor respond witl the 2 jenda. |
Lﬁi\\ \ 'g schedule: ;
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: . REVISION A
- AGENDA FOR AUGUST 7, 1964
SIXTH VEHICLE MECHANICAL DESIGN )
T INTEGRATION WORKING GROUP (VMDIWG) MEZ™ "
L (S-IVB STAGE)
AUGUST 26-27,-1964 . .-

FIRST DAY

1. INTRODUCTION ' 8:30-8:40

The Chairman/Secretary and s~nior Douglas Aircraft.Company, Inc. (DAC)
representative will recognizz atisndees by office grouping. The Chairman/
Secretary will describe the meeting ground rules.

2. DELINQUENT ACTION ITEMS 8:40-9:00

The Secretary and DAC will each provide a brief summary listing a new

suspense date for the delinquent action items listed in memorandum R-P&VE-VAD-64-75,
and applicable portions of SM-465u42,

3. STAGE WEIGHT STATUS (Saturn IB/V) 9:00-9:30

a. DAC 7" present current interstage, dry stage, and stage-at-separation
weights for ©- -~ I3 and V by vehicle effectivity. The S-IVB Stage Manager,
I-V-S-IVB, an< .11 present the con%ractual status and implementation efforts
for the weight -~ :ions described in rmeomorandum R-PEVE-VJ-B4-273,

b. DAC will -—2sent the o%t27:3 of ~lcns to weigh the éry stage at SACTO
and for monitorin~ the dry weigh” until. “aunch.

¢. DAC will © -sent the status of the cryogenic '=igh system to include

(1) description of ~ading accuracy vs payload (2) zlternate proposed means

for establishing accr>t~ble logd in7 accuracy (3) current hardware procurement......
problems (4) resultx‘f s2edule irrovement if eryogenic weighing is not required.

4, STRUCTURAL QUALIFICATION TESTING (S.LTURY IB/V) 9:30-10:00
DAC will present the program status for:

a. Additions to data acquisition s¥stem required in memorandum
R-PEVE-SSS~-64-62.

b. Problems anticipated by necessity of testing structural hardware
designed for non-flight loads.

c. The internal loads analysis of the S-IVB Aft Interstage at the
S-IVB/IB Interface for the structural test article.

d. The interface flange tensile test program to include a comparison
of analytical and test results.

— -BREAK 10:00-10:10 -

Enc. 1
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“ 5. STRUCTURAL DESIGN LOADS AND STRENGTH ANALYSIS 10:10-11:10
 a. 'DAC will- ?resent a listing of Structures Division {R-PEVE-S)
memoranda which are in use o describe design loads for ezzh of the stages

and its major components (Saturn IB/V),

b. The Structures Division will be prepared to apprec' the above listing
or issue corrections if required. » ‘

c. DAC will discuss the status of implementa*icn of R-PEVE-SL-212-63
loads to include impact on each major structural =mn-embly for each S- IVB/IB
Flight Stage.

6. BATTLESHIP 11:10-11:55

a. DAC will present the current schedule of events for the testing
program.
_ b. DAC will present the current J-2 engine chill program and will
outline the ou *””““ﬂmng problems related to the J-2 engine start and their
proposed resol

c. MSFC (R-"1YS-P) will summarize the activities of thc J-2 Lngine
Start Committee.

d. DAC will ~--ide a list of non-flight components -~ required in
Action Item 4030 ‘<u: February 3, 1364).

7. CONTINUOUS VENT. = (SATURN ™) 11:55-12:15
DAC will present *h~ status of the follewing items:
a. Vent design, thru-it, ani thou

b. Welght reductions in the af: ski»t attributed to reduction in APS
falrlng size.

c. Tolerances on nozzle locations ar” argularity,

............ LUNCH-ww e 12:15-1:00

@
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8., -AUXILIARY PROPULSION SYSTEM (APS) 1:00-1:55-

a. DAC will describe the Saturn IB configuration design ar< Fabrication
status to include:

-

(1) Weight
(2) Test program including Gamma Complex status
(3) Service requirements and cleaning procedures (SACTC)

(4) Propellant measuring requlwcments (accuracy, signal transm1551on
to ground/astronaut, continuous sensing)

(5) Environmental control proviszions.

b. Frrmal direction is in procress Tor the use of *#~ bladder, rather
than the | -llows concept (S-IV3/V.. An~i-i-ating that rezlected bellows
tests, ei: ~r planned or in progre-s, wi ~ntinue 7 “ev provide technical
support for the S-IVE/IB APS b:ll~ ¢ prox~—=, DAC wi. . {~=cribe the Saturn V
configuration design status to In: vde:

(1) Blz2der layouts, expulsion syz%a~=z, volures and materials
compatibility

(2) LJ:? ~f specific bellows tezts with recomnendatlons as to which
are to be continu- cr stopped

(3) Prepr -~ ~llocations
(4) Weights

(5) Schedules

(6) Pron~ll-=% —am-w=ins c-aqui- —-=:- -ccuracy, -signal transmission
to ground/astren~ii. 2onTIITTTC CoTIng
c. DAC will deseribe *k -i“.c firing philosophy (Saturn IB/V) and

plans to accomplish this philcsephy.

9. PROPELLANT TANK DESIGN AND PRESSURIZATION 1:55-2:55
The LHy tank pressure has been reduced from 42 psia to 39 psia. DAC will

present the Saturn IB and V design status of the LH, tank redesign for 39 psia

to include, as a minimum:

a. Design
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PROPELLANT TANK DESIGN AND PRESSURIZATION (cont'd)

“" - (1) Waffle dimensions
,;f(2) Valves, vents plumbing changes, and pressure switch settirsc
(3) Scréens (inclve -z pressure drop tests to date)
(4) Reasons for only 175 pounds weight reduction (per TCB-272)

(5) Changes in heat trahsfer characteristics and consequen®t boll
off rate changes.

(6) Test modifications and schcdules.
b. Pressv- --:ian

(1) DAC vi’ iccuss means of -ot exceeding engine maxir= allowable -
pump inlet pressurec 7 inz static firings (Saturn IB/V).

(2) DAC will discuss the necessity of stepping the pres~ure level in
the Saturn V LH, tank from first burn to second burn.

(3) DAC will discuss the prepressurization level of the S-IVB Stage
LH2 tank for fthe Saturn I3 and Szturn V (first burn) vehicles.

(4) DAC will discuss the Saturn IB and V tank prer~—-c schedules. .

(5) DAC will discuss why *he Satumn V LH, vent prescure can be only
TCB~272. DAC
ess

ure.,

37.4 psia without “~grading structural intesrits Zs stated in
will also present -2 ramificaticns due *~ “hr~ lower vent pre

————————————— BREAK- e 2:55=3:05

10. PROPULSION SYSTEM PERFORMAVCE 3:05-3:35

a. DAC will present the S-IVI nerfornsnc~ -zact due to the "in-run"
mixture ratio shift during mainstcae operesic-= ‘»-ference section 1.2 of
handout from J-2 engine/S-II and S~IVB Stag. interface Meeting June 23-24, 196u,

b. DAC should define maximum thrust capability of S~IVB Stage as presently
designed and define limitations. This is necessary to fully evaluate the effect
of any possible increase in nomiral J~2 engine thrust for payload improvement
studies,

c¢. DAC should present status of current studies on programmed mixture ratio
for both Saturn IB and Saturn V application.

d. DAC will define the allowable variations in engine thrust chamber 'l
chill time for S-IVB/Saturn V restart,




11... PROPULSION MISCELLANEOUS (SATURN IB/V) 3:35-4:15
DAC will present:

a. The status of valve position sensors %o include specifications,
qualification test program, and inspection preccdures.

b. The status of documentation to includ> ~cmponent design crosc

sectional drawings, stating if and when they ~ill be supplied (re verce
Action Item 2151).

c. Results of study and testing of S-IV helium heater appli~-tion to
S-IVB Stage (reference Change Order 228).

d. Status and problem areas of overfill and engine cutoff ~~nsors,

e. A discussion on Rocketdyre requirzments for moisture cc~tent of
helium used in the J-2 engine and in the National Bureau of Starncards grade
A helium zvailable at SACTC.

12, ENVIRONMENTAL CONTROL {SATUX IB/V} 4:15-5:00

a, DAC will present th2 status of:

(1) TForward skirt cold plates testing
(2) TForward skirt testi—g and problem areas

(3) Aft interstage testing and problem arens
D

b. MSFC (°-PEVE-VOR) will present the MSFC “hormister status.




- REVISION A
AGENDA FOR AUGUST 7, 1964
- - SIXTH VEHICLE MECHANICAL DESIGN )
- * - INTEGRATION WORKING GROUP (VMDIWG) MEZTIVZ
(S-IVB STAGE)
AUGUST 25-26, 1964

SECOND DAY
13. THERMAL ENGINEERING 8:30-9:00

a. DAC will present the high performancs ‘==ulation program status
including the recommended configurations, weigh-~. and payload improvements.
Additionally, requirements/authorization needed Tor expediting the insulation
development . (to permit timely irpl-merntation in%~ the Saturn.V.program) will
be described.by. DAC.

b. DAC will present the S-IVB insulation test results on the eight-foot
test tank, banjo testing, etc. This should include an outline of a continuing
test plan for further insulation qualification and improvements.

c. DAC will present the recults of the heat transfer dispersion study
considering variations of absorptivity, emissivity, traiectory, etc. (reference
Change Order 158).

14, LEAK DETZCTION 9:00-9:45 .

a. MSFC ‘7-PEVE-P and R-ASTR) will review +-~ MSFC leak detection policy
and summarize ©- < rections for Saturn I3 and V . reference I-V-S-IVB-64-A-180,
dated July 8, 18¢" .

b. DAC will oresent their plan and stage eflectivity for mechanical
separable connector 727 detecti-r in stage and J-2 engine areas and discuss
how this plan differ= Zrom “h2 r:cuirements of memoranda M-PEVE-PI-350-63,
and M-P&VE-PM-423-63.

15. HYDRAULIC SYSTEM (SATUR™ I3/V)

a. DAC will present propos~c corrective action for precluding freezing
of oil as reported in J-2/S-I1I/5-IVB Intcrface Meeting of June 23-24, 1964,
and documented in memorandum R-P&VE-PTD-64-}-71,

b. DAC will report on relocation of oil temperature sensor to coldest
point in the system per memorandum R-PEVE-PTD-64-M-71,

c. DAC will report on R-PE&VE-PAE suggestion to add a redundant oil
temperature sensor to control the on-off cycle of the auxiliary pump.

------------ BREAK===mmmmmmemm | 10:15-10:25 .
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MINUTES OF SIXTH VEHICLE MECHANICAL DESIGN
INTEGRATION WORKING GROUP FOR THE S-IVB STAGE
(SATURN IB/V)

1. INTRODUCTION

The Sixth Meeting of the Vehicle Mechanical Design Integration Working
Group (VMDIWG) for the S-IVB Stage (Saturn IB/V)convened August 26-27, 1964
at the Douglas Aircraft Company's (DAC) Huntington Beach, California Flant.
The VMDIWG S-IVB Stage Secretary introduced the chairman, the DAC senior
representative, and identified the various Marshall Space Flight Center (MSFC)
organizations and other contractors represented.

2. DELINQUENT ACTION ITEMS

Mr. Morgan, R-P&VE-VAD,presented a list (appendix B) of Action
Items (A.I.) closed since the issuance of memorandum R-P&VE-VAD-64-83,
The delinquent action items were reported to the meeting by number only.

+Mr. Hoodless, R-P&VE-PPF, stated that a memorandum was in process to close

b

delinquent A.I. 2132. This information is in turn needed by Rocketdyne (RKD)
to close delinquent A.I. 1402 (assigned to R-P&VE-P). Subsequent to the
meeting, A.I. 4087 was generated to name the Engine Project Office (and
Rocketdyne) as the action agency and superseded A.I. 1402, The Rocketdyne
representative stated that delinquent A.I. 1363 can be closed by defining the

J-2 engine envelope as a 81 inch diameter cylinder except for the customer
connect panel. Mr. Thiele, DAC Propulsion, accepted this definition; therefore,
this A.I. is closed.

Mr. Comer, DAC, stated that the DAC A.I. status report is described
in the DAC handout of appendix B; pages 2-19. Mr. Haggard, R-P&VE-X7J,
pcinted out that A.I.'s have been incorrectly closed in the DAC monthly status
report by stating that a reply (Scope Change or TCB, etc.) will be sent to MSFC.
An A.1. is closed only when the working group secretary or chairman has
accepted the closing documentation (as denoted by the monthly A.I. status report
published by R-P&VE-VA, or by other documentation transmitted through the
Stage Manager's offiice, I-V-S-IVB),

3. STAGE WEIGHT STATUS (SATURN IB/V)

Mr, Simkeo, DAC Weights, presented the material shown in appendix A,
pages 20-30., Mr, Sims, R-P&VE-VAW, questioned the Saturn V effectivities
shown in the presentation and stated that the Astrionics Laboratory is currently
preparing a list of R&D measurements and associated equipment that will not be
required on operational vehicles. Mr. Mull, DAC, stated a reply for the weight
reduction measures described in I-V-S-IVB-TD-64-133 would be provided by
September 15, 1964,
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Mr. Simko stated that some S-IV weigh system components will be
utilized at Sacramento and Huntington Beach for dry stage weighing of the S-IVB
Stage. No weighing will be performed at Kennedy Space Center (KSC). Weight
status of the stage will be provided at KSC by a weight log maintained by a DAC
weight engineer. The dry stage weight at launch will be measured within an
accuracy of 0.1%

Mr. Simko stated that the first S-IV cryogenic loading (SA-9) weight
was accurate to witHin 0, 5% (0. 25% error was the largest noted). One day (pius)
could be gained if cryogenic weighing is deleted but DAC recommends that the
cryogenic weighing be continued as described in appendix C (received during the
meeting). The cryogenic weigh system will not be available for S-IVB/IB-1
(SA-201) because of diversion of funds and late procurement of the environmental
cover (due to late funding). Mr. Miller, DAC, stated that flow measurement is
intended for S-IVB/IV-1. Mr. Davis, R-TEST-SBS, stated that a requirement
had been established in the Static Firing Working Group to perform a full pro-
pellant loading sequence test prior to the first static firing (reference Action
Item No 9 of R-TEST-SBS-#119-64). Action item 4082 resulted from this
discussion,

4, STRUCTURAL QUALIFICATION TESTING (SATURN IB/V)

Mr. Stewart, DAC, presented the program status of additions to the
Data Acquisition System required in memorandum R -P&VE-SSS-64-62, as
described in appendix A, pages 31-35.

Mr. Stephens, DAC, outlined the problems anticipated by the necessity
of testing structural hardware designed for non-flight loads as described in
appendix A, pages 36-38,

Mr. Stephens, DAC, stated that the internal loads analysis of the
S-IVB/IB Aft Interstage (A.l. 4048) had not been completed and committed a
September 15, 1964, completion date for this item.

Mr. Stephens discussed the analytical and test results of the interface
flange tensile test program described in dppendix A, pages 38-43.
Mr. Schlemmer, R-P&VE-SSS, stated that the MSFC analysis basedwupon
R-P&VE-SLL-64-26 loads, indicates a negative margin of safety at the inter-
faces (in tension). DAC had not received this memo. It was pointed out that
R-P&VE-SLL-64-26 loads were not based upon the latest payload and LES
(6200 1bs) weights. According to Mr. Sims, R-P&VE-VAW, and
Mr. Schlemmer, R-P&VE-SSS, MSFC has not investigated the effect of the new
increased payload.

5. STRUCTURAL DESIGN LOADS AND STRENGTH ANALYSIS

Mr. Pritchard, DAC, presented a listing of the MSFC structural design
memoranda (appendix A, pages 44-48) that are being used by DAC in the design
of each of the S-IVB stages and the major structural components (Saturn IB and V),




Mr. Priichard described an agreement made with the Aero-Astrodynamics
Laboratzry (R-AERO) to complete the APS rmodule lcads analysis based on
M-AERO-A-71-63, It was stated that R-AERO loads are accepted by DAC

as infcrmation only; R-P&VE-S memoes are used by DAC as the official
design loads; DAC then reruns MSFC lnads and fairs in certain areas (i.e.,
fair steps in the shear curve). The acceptability of this practice was de-
ferred for review within the MSFC Structures Division. Mr. Comer provided
Mr. Haggard with one copy each of twe DAC confidential design memos for
this purpose (these were transmifted to the Structures Divisicn as enclcsures
to R-P&VE/DAC-27-64, appendix D).

Mr. Walters, R-P&VE-SJ, handed cut copies of charts (appendix E)
depicting a '"family tree' of all design lcads documents issued by MSFC for
S-IVB/IB and V. Mr. Walters stated that the MSFC list inclucded two memoranda
nct included on the comparable DAC list. These are:

(1) R-P&VE-SLL-64-13 supplementing R-P&VE-SL-212-63 (it
was subsequently determined that this memo was enclosed in I-V-S-IVB-TD-64-53).

(2) R=-P&VE-SLR-64-43 (this was thought to have been received by
DAC but was not located prior to conclusion ¢f the meeting).

Mr, Comer, DAC, stated that DAC is using R-P&VE-SD-396-62 loads
toc design non-flight S-IVB/IB Stages; R-P&VE-SL-212-63 loads are being used
to design S-IVB/IB-1 and -2 (except for the aft skirt which is designed for R-
P&VE-SD=-396-62 loads); and R-P&VE-SL-212-63 loads will be used to design
S-IVB/IB-3 and subs. It was brought out that R-P&VE-SL-9-62 and appending
memoranda shown in appendix E describes the design loads for SA-501-503;
R-P&VE-SLL-64-26 loads are to be used in the design of SA-504 and subs.

Mr. Schlemmer, R-P&VE-S, requested a detail stress analysis from DAC of
the stages zffected by R-P&VE-SL-212 lcads and DAC indicated that these data
would be provided by September 18, 1964,

6. BATTLESHIP (B/S)

Mr. Comer, DAC, presented the current schedule of events for the
B/S testing program as shown in appendix A, page 50, and subsequently pro-
vided a B/S hot firing werk schedule, appendix F for the minutes.

Mr. Schweikle, DAC Propulsion, presented the current J-2 engine
chill program and outlined the outstanding problems related to the J-2 start
and their proposed rescluticn (see appendix A, pages 51-56). He stated that
a modulating valve will not be used in the B/S during propellant loading. In
response to a question from the fleoor, he stated that the new gas generator con-
figuration (gas generator plus gas generator bleed valve) will be installed on
the battleship engine.



Mr. Long, R-P&VE-PAS, summarized the activities of the J-2
Engine Start Committee, Appendix G, and memo R-P&VE-PPF-64-M-187
was discussed briefly at this time.

A list of non-flight components is provided in appendix A, pages
57-62 as required to complete A.i. 4030.

7. CONTINUOUS VENTING (SATURN V)

Mr. Schweikle, DAC Propulsion, presented the vent design, thrust
and thrust tolerances shown in appendix A, pages 63-64. There have been no
changes since the June meeting at MSFC and no decision regarding the separator.
The S-IVB/IB fuel tank vent nozzle design cannot meet the MSC requirement to
not exceed vne m/sec. delita V during venting. The S-IVB/V can meet this
requirement, Mr. Schweikle stated that the S-1VB/IB nozzle could meet a
1.5 m/sec. thrust limit if MSC will accept this. Mr. Jackson, R-AERO-P,
stated that the Dynamics and Contrcl Working Group will permit a relaxation
of the requirements from 1 to 2 m/sec., for the Saturn IB only (A.I. 4084 was
prepared to document this decision),

The reduction in the APS fairing size results in a weight reduction
of apprcximately 25 pounds in the aft skirt (appendix A, page 63).

Tolerances for nozzle Incations and angularity are presented in
appendix A, pages 65-67. Fuel tank vent system drawings are shown in

appendix H.

8. AUXILIARY PROPULSION SYSTEM (APS)

Mr. Abe, DAC Propulsion, described the S-IVB/IB APS configuratior
degign and fabricaticn status and Mr. Rodgers, DAC, discussed Gamma testing
using appendices A, pages 68-88, I and J. Mr. McDaris, I-V-S-IVB, asked
and Mr. Abe repliad, that the 3% accuracy for propellant measurement in flight
is expected to include vibration, slush, and tzlemetry errors. In the current
Cesign, the astronzut receives a prepsiiznt meisurement signal from the ground.
It was indicated that DAC plans to l-ad to 1/2% accuracy by velume, A "yo-y-!
type measuring device is planned fcr S-IVB/IB and a microswitch cutoff on the
end bellows plate has been planned for S-IVB/V. Mr. Jackson, R-AERO-P,
stated that MSC requirements for APS propellint measurements have been re-
quested from Mr. Palaoro, thru the MSC/MSFC Apollo Mechanical Integration
Panel. Mr. Voss stated that the Crew Safety Panel had established a require-
ment for redundancy in the Emergency Detection System (EDS); i.e., two
sensors in the system. DAC stated that schedule slippage will result if this
was to be implemented. DAC asked if EDS f:r the APS propellant measureme«ur
system is required, This question was deferred for separate action. Mr. Ale
stated that each measuring device will be qualified as a component and as a
part of the tank assembly. Mr. Abe discussed the orbital temperature charts
of appendix K. In reply to a question from Mr. Philtips, R-P&VE-VSA, con-
cerning materials compatibility of propellant line bracketry, Mr. Abe stated

that in his opinion there was no explosive hazard.
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Mr. Abe, DAC, stated that the bladder concept design has been
initiated for the S-IVB/V APS and presented the S-IVB/V APS bladder design
concept shown in appendix A, pages 89-94. He indicated that the S-IVB/V
bellows test would not serve to support the APS/IB program and would there-
fore be discontinued. He indicated that these changes will be firm in about
two months and Mr. Eudy, R-P&VE-VM,. asked for documented confirmation
so that the APS GSE requirements could be established. It was brought out
that the bladder concept does not employ sensors; however, DAC has investi-
gated sensors from Acoustica and a radioactive isotope device from another
source. Mr. Voss recommended that DAC also contact Acoustica relative
to the latter item. Mr. Abe agreed to do so.

Mr. Abe, DAC, described the DAC APS static firing program as
shown in appendix A, pages 95-98, and indicated that their engine performance
tests will eliminate the necessity of APS hot firing. He stated that DAC has
instigated a Gamma hot firing (Beta has this capability) although they do not
recommend acceptance firing of the APS. He stated that acceptance firing
leak and functional checks would be accomplished manually, Mr, Thiele,

DAC Propulsion, said the APS will be shipped with the stage from SACTO to
KSC. Mr. #Veimer, R-P&VE-VMH, and Mr. Thiele, DAC, were to discuss
the KSC requirements separately but were unable to meet.

9. PROPELLANT TANK DESIGN AND PRESSURIZATION

Mr. Berline, DAC Structures, presented the status of the LH; tank
structural changes, appendix A, pages 99, 100 and 102. Mr. Frederick,
R-P&VE-SS, stated that the Structures Division is conducting a study to de-
termine the weight reductions possible for the Saturn Vehicles if the tanks are
pressurized on the pad during ground wind conditions. Mr. Schlemmer
expressed an opinion that the ground wind restrictions will likely be relaxed
as a result of the requirement to pressurize the stage during ground handling,
storage, and transport; if so, a reduction of approximately 100 lbs in weight
may result. Mr. Sims, R-P&VE-VAW, asked why one (1) ambient helium
bottle can't be removed ncw that the NPSH is back where we started.

Mr. Schweikle stated that an extra bottle would have been added anyway under
the old pressure schedule. No Lox anti-vortex screen tests have been con-
ducted to date. It was brought out that the Contracting Officer's letter,
(I-CO-VB-4-218, dated August 14, 1964) requires a reply from DAC by
September 10, 1964 as to what screen tests are planned.

Mr. Schweikle, DAC Propulsion, discussed the pressurization in-
formation of appendix A, pages 104-110, Mr. Schweikle asked that MSFC
request, from Rocketdyne, a raise in the pressure for maximum allowable
Lox pump inlet pressure for static testing., The current pressure limit is 48
psia but the DAC analysis for the S-IVB/V indicates that the pressure during
start transient will be 49 psia. Mr. Arnett, R-P&VE-P, stated that MSFC
is now leoking into this. Mr. Arnett requested that DAC expedite pressure



switch procurement to provide a 39 psia design for S-IVB/IB-1 in lieu

of the 42 psia planned (see appendix A, page 109). Mr. Mull stated that

every pressure is already being exerted upon their subcontractor for the

42 psia switch delivery. A discussion of the pressure switch requirements

as related to the 3 psi control band was deferred for separate discussion in

a smaller group on the following day. The smaller group subsequently re-
ported that (1) if an additional 1,2 psi is required, the Southwestern pressure
switch could be modified tc mate with the DAC pressure switch module and

(2) that because of the time required for module compatibility development,
the Southwestern switch can be removed from the module and fitted to the tank.

Mr. Schweikle stated that anti-vortex screen design ap was 1 psi.

10, PROPULSION SYSTEM PERFORMANCE

Mr. Schweikle, DAC Propulsion, stated that this subject was
adequately covered in appendix A , pages 111-114, and noted errors contained
therein (which are tabulated in the errata sheets, appendix CC). A Rocketdyne
representative stated that a Propellant Mixture Ratio shift (upward) causes
2 slight thrust increasec,

11. PROPULSION MISCELLANEOUS (SATURN IB/V)

M.r. Manoske, DAC Propulsion, presented the status of the valve
position sensors of appendix A, page 115, Mr. Voss, R-P&VE-PM, stated
that from S-1V stage experience, all position indicator switches must be quali-
fication tested per the requirements of the Automation Board and presented a
document, 'Saturn V Valve Position Sensor Requirements Summary' for inclusion
in the minutes (appendix L). Mr. Voss and Mr. Hamner, I-V-S-IVB, were to
meet later to discuss ccntractual implementation of these requirements.

Mr. Manoske, DAC Propulsion, presented the charts of appendix M,
depicting Specification Control Drawings, vendors, etc, for propulsion system
purchased parts. A question as to whether the specification control drawings,
listed as available in the charts, had been forwarded to MSFC was unanswered.
Mr. Mull stated that they would be forwarded and A,I. 4085 ensued.

Mr. Manoske presented the results of the study and testing of the
S-IV helium heater using appendix A, pages 116-118, and 121-130, charts which
reflect payload gains based upon pre-continuous venting weights (see R-P&VE-
XJ-64-573, dated September 18, 19564, for corrected payload gains). He stated
planning is for single start capability, only. If the helium heater is used on
the S-IVDB Stage, it would be installed on late stages, maybe S-IVB/V-1. Two
heaters will provide repressurization of the LII, tank in 5 minutes. The con-
tinuous vent would be closed during the repressurization operation. DAC pointed
out that the S-IVB/V-1 tank is scheduled far September 1964 manufacture, and
requested. immediate direction {rom MSFC to add pads to the S-1VB/V-1 tank
for use in the event MSFC desires to use this system.




Mr. Pellicciotti, DAC, discussed capacitance point level sensors
and provided appendix N for inclusion in the minutes to supersede page 119
of appendix A.

Mr. Manoske discussed the R&D requirements concerning moisture
content of helium. R-P&VE-P will continue discussion with Rocketdyne to
eliminate the incompatability of dew point criteria between DAC and Rocketdyne
per A.I. 4086, Mr. Adams, R-P&VE-VOR, stated that he thought that the
latest MSFC specification for grade AA helium listed a -78°F dew point,

12. ENVIRONMENTAL CONTROL (SATURN IB/V)

Mr. Gray, DAC, discussed cold plate testing plans as described
in appendix A, pages 131-139. le stated that RF1I is prevented by ., 040" x
1" side, beryllium copper bonding strips between the cold plates and struc-
tural skin and that DAC testing had demonstrated that this is adequate. In
reply to a question from Mr. Edwards, R-P&VE-P, Mr. Gray stated that the
20 cold plates ordered by MSFC are on schedule, as far as he knows.
Mr. Edwards asked that the test control drawings be forwarded to him.
Mr. Gray said that the S-IVB batteries will not be mounted on cold plates
because heating, not cooling, is required. Battery tests are planned to de-
termine the characteristics of the battery designed for the aft interstage which
may also be used in the forward interstage environment. Aft interstage
environmental testing will be conducted on the Battleship because of All
Systems slippage. It was brought out that the interstage was to be purged to
4% or less oxygen content.

Mr. Adams, R-P&VE-VOR, stated that the MSFC Saturn IB
thermistor specification is in MSFC Industrial Operations now and DAC should
receive this during the week of August 31, 1964. The Saturn IB and V thermi-
stors are different because of KSC control characteristics and vibration test
requirements. Also, the Saturn V thermistor is being qualified at MSFC; the
resulting specification will be forwarded to DAC. (Subsequent to the meeting,
notification was received in I-V-S-IVB-64-A-190 that KSC has agreed to
modify the Saturn IB ground environmental control facility to accept the
S-IVB/V thermistor.)

13, THERMAL ENGINEERING

Mr. Miller, DAC, presented the status of the high performance in-
sulation program of appendix A, pages 140-152. The weights shown do not re-
flect the continuous venting philosophy and the payload gain is too high by
approximately 15-20%. Mr. Palaoro asked that the weight numbers be updated
prior to the presentation to Dr. Mrazek on September 3, 1964, (These updated
values are shown in R-P&VE-XJ-64-573, dated September 18, 1964)., DAC
indicated that they had datafaxed corrections to Mr. Peters, I-V-S-IVB, but had
not been able to prepare the correciions in time for inclusion in the working
group presentation.



Mr. Dearing, DAC, presented the results of the S-IVB insulation
tests and the heat transfer dispersion study of appendix A, pages 153-175.
Mr. Griner asked and Mr. Dearing confirmed that the Phase I insulation, .
with reduced resin content, is being used on the MSFC battleship, but not
the DAC Battleship, The difference in thermal conductivity is negligible
according to Mr. Dearing.

14, LEAK DETECTION

No leak detection handcut was presented by DAC because of the plan
to cover this agenda item in a pre-meeting. Mr. Edwards, R-P&VE-P, discussed
the leak detection charts of appendix O. He stated that there were more than
7200 fluid connectors in the Saturn V vehicle. Mr. Edwards stated that the
blank spaces in his charts are an indication of the difficulty he is having in
obtaining data from the stage contractors; however, DAC has provided infor-
mation during and after the pre-meeting held on August 25, 1964. Mr. Edwards
read the conclusions from the pre-meeting and action items 4089-4093 ensued.
Appendix P was given to the secretary for inclusion in the minutes to describe
21 flanges, in addition to the 12 flanges considered critical, that require leakage
monitoring during static firing.

Mr. Comer, DAC, stated that the DAC plans and effectivity for the
mechanical separable connector leak detection system in the stage and J-2
engine were discussed in detail at the August 25, 1964 pre-meeting. DAC
needs contractual clarification for the use of the tubing material and wall thick- .
ness specified in MC 122 and MC 123 (A.I. 4094). DAC plans to use 1/8"
tubing on the stage and the MC documents do not authorize the use of tubing
smaller than 1/4". Due to weight consideration, DAC plans to use tubing with
various wall thicknesses; however, the MC documents only permit one wall thick-
ness with each diameter tubing. Other problems with the MC document include
bend radii, welding and low temperatures, etc. Mr, Comer agreed to send a
letter to Mr. Voss, R-P&VE-P, describing in detail the problems related to the
above usage in approximately two weeks,

15, HYDRAULIC SYSTEM (SATURN IB/V)

Mr. Hamilton, DAC, presented appendix Q in addition to page 177 of
appendix A. Appendix R was likewise received at this time., Mr. Hamilton
concurred with the corrzective action described in memorandum R-P&VE-PTD-
64-M-71, required to preclude hydraulic oil freezing, and stated that the temper-
ature sensor will be relocated to the critical point on the first flight stage
(S-IVB/IB-1). DAC does not plan to provide a redundant sensor electrical
system since no other part ¢f the hydraulic system has redundancy. The sensor
will be qualified separately and as a part of the hyl raulic system. Mr. Voss
asked why this test philosophy cannot be extended te the propellant valves and
switches (i.e,, test the switch and propellant valve separately) as discussed
earlier during agenda item lla coverage. A.I. 4095 resulted from the latter .
discussion,




16. HYDROSTATIC STAGE

Mr. Mull summarized the pre-meeting discussion and stated that
complete information regarding the hydrostatic stage failure was available in
SM-46755, 'Failure Analysis Report Hydrostatic Vehicle", which was distributed
to the attendees in the August 25, 1964 pre-meeting. Mr., Mull, DAC, stated
that the DAC position concerning a new hydrostatic stage was to test to the
burst condition to determine the actual margin of safety. DAC would not
recommend that another stage be provided for limit load testing only. (see
appendix S). A.I. 4096 was subsequently prepared and the wording agreed
upon between MSFC and DAC structures representatives.

17. DYNAMIC STAGE (SATURN IB AND V)

Mr. Moon, R-P&VE-VAS presented the charts of appendix T to
describe the differences between DAC Design Memo #101C and MSFC documents
as to the Dynamics Stage design requirements. A splinter meeting was arranged
to discuss the detail differences in DAC and MSFC requirements and attempt
to define mandatory (as opposed to 'mice-to-have') changes required. Primary
differences concerned (1) whether the interstage structure was to be reinforced
to simulate the flight article stiffness, (2) what GSE was required and what
contractual action was in process, (3) S-IVB/IB aerodynamic fairing require-
ments, (4) simulated mass requirements and how these are to be mounted, and
(5) whether flight type insulation, propellant feed lines, dummy prevalves, and
dummy ordnance items are to be provided. The report from this splinter
group indicated that their meeting was fruitless and that separate action would
be required from the Dynamics Control and Structural Feedback Committee.

Mr. Whiteman, DAC, discussed the Dynamics Stage status (appendix A
pages 179-181), and stated that currently the stage is on schedule and it is
expected to remain on schedule. He stated that it is highly desirable to move
the Dynamics stage out of A3 before it is delayed by All Systems, S-IVB/IB-1,
etc., (it has lowest priority) and suggested that we implement any MSFC
required modifications at MSFC, if possible. It was indicated that such items
as the flight feed lines can be added at MSFC but DAC engineering at A3 will
be required which would be the pacing item. Follow-up with Mr. Shaver,
DAC/MSFC representative, will be required to see if any time is available for
DAC modifications at MSFC and what DAC modification capability exists at MSFC.

18. FACILITIES CHECKOUT STAGE (SATURN IB AND V)

Mr., Whiteman, DAC, presented a status report for the Facilities
Checkout Stage as outlined in appendix A, pages 182-184., 1It, too, should leave
“+A3 as soon as possible to prevent schedule slippage caused by its low priority.



19. INTERSTAGE VENTING

Mr. Unger, DAC Aero, presented a list (appendix A, page 185 ‘
and 186) of the documents that are in use for the S-IVB interstage venting

design. A comparable list prepared by the Design Integration and Criteria

Branch, R-P&VE-VA, is shown in appendix U, The DAC list does not con-

tain R-AERO-A-89-63. It was agreed that this memo would be forwarded

as official design loads by R -P&VE-SJ and I-V-S-IVB (A.I.4098). (Subsequent

to the meeting, R-P&VE-SJ-64-431 was received by the secretary indicating

that the R-AERO-A-89-63 information is contained in memoranda R-P&VE-

SVA-64-90, and R-P&VE-SLL-64-11).

Mr. Berline, DAC Structures, summarized the interstage venting
design (vents, structural leakage, and drain holes) of apperdix A, page 187-
191. He stated that the vents in the Forward Skirt are not located 122 inches
from the forward face of the IU as directed by MSFC. They are located
approximately 115 inches from the forward face of the IU because of the
requirement that the throat area of the internal rain shields be three times
the vent size. The rain shield would not meet this requirement if mounted
lower because of interference with the LH, tank bulkhead. The Forward
Skirt contains 54, 3/8 inch, drain holes (one hole at every other stringer).
The structural leakage areas listed in appendix A incorporate an estimate of
the sealing lost due to flight dynamic effects. Mr. Comer, DAC, stated that
(1) testing to verify venting and leakage requirements cannot be accomplished
at plant A3, (2) DAC plans to recommend that this testing be done at KSC
(Scope Change 12536), (3) DAC is not planning to conduct any R&D testing of the ‘
Aft Skirt, Forward Skirt or Interstage (Saturn IB and V) to determine structural
leakage and (4) expressed reluctance to guarantee any leakage area limits with-
out test data. T

Mr, Jackson, R-AERO-P, discussed the S-IB/S-IVB interstage
allowable leakages of appendix V and indicated that 55 sq. in. of side wall
leakage in the S-IVB/IB aft skirt and interstage with 25 sq. in. leakage
in the seal plate was acceptable. Mr. Gray, DAC, stated that the 55 sq. in
was predicated upon the ground purge allowable oxygen content condition and
should not be considered as the structural leakage area that would preclude
production leak testing. He indicated that the 84.2 sq.in. of appendix A,
page 190 is more realistic. R-AERO agreed to re-run the Saturn IB analysis
using 85 sq. in., 25 sq. in., and 160 sq. in. values (A.I. 4103).

Mr. McAnnally, R-AERO-AD; presented a status report (appendix
W) of the allowable structural leakage studies being prepared for the S-IVB/V
aft skirt and aft interstage. He stated that more work should ;e done on the
mass inflow problem and it should be determined if the aft skirt can tolerate
the addition of 0.4 psi (crushing) caused by the difference in R-AERO-A-89-63
and DAC Design memo no, 57A internal pressure coupled with an increased
leakage area. A splinter meeting convened to discuss details of this problem
and reported that no action would be taken pending official receipt of R-AERO- ‘
A-89-63.
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Mr. McAnnally, R-AERO, stated that R-AERO would conduct an
aerodynamic analysis on the S-IVB Forward Skirt, IU, and LEM adapter as
soon as MSC provides MSFC with the LEM adapter and Service Module
structural leakage values.

20. INTERFACE CONTROL

Mr. Morata, DAC, presented appendix X for inclusion in the
minutes and stated that DAC had not received direction to comply with
M-SAT-WSF-#46-64 concerning J-2 engine frequency measurements and
turbopump overspeed safety cut off requirements of Change Order No. 168.

Mr. Phillips, R-P&VE-VSA, presented charts (appendix Y) to
describe a hazardous condition at the suction duct flange and recommended
solutions. Mr., Mull, DAC, questioned the source of the manufacturing
tolerances shown in the charts. Mr, Phillips replied that the plate dimen-
sions were obtained from DAC drawings and the seal tolerances were nominal
values obtained from a Navan catalog (that he had been unable to obtain these
values from DAC).

Mr. Oster, DAC, presented the DAC recommended solution to the
problem as shown in appendix A, pages 192-194 and stated that their tests
to date demonstrate that their method of sealing is acceptable for all manu-
facturing tolerance buildup conditions, and that DAC does not consider this to
be a problem. He noted that the right hand view on page 193 of appendix A
was inverted.

Mr. Palaoro, R-P&VE-X, stated that the MSFC Research and
Development Operations (R&D) recommendations have been made to MSFC
Industrial Operaticns and DAC warned of a hazardous condition, and that no
further action is required by R&D.

Mr. Kraus, R-P&VE-VSI, presented the Mechanical Interface
Control charts of appendix Z for inclusion in the minutes. Mr. Kraus stated
that the interface control program had been discussed with DAC at a pre-
meeting, August 25, 1964 and for the most part all problermns were resolved.
Appendix AA was handed to the secretary to summarize the pre-meeting
resuits,

Mr. Berline, DAC Structures, referred to the material in appendix A,
page 195, concerning the S-IVB/S-IB Interstage seal discussed in the pre-meeting.
It was agreed that this applied to the remaining interface control items so that
it was unnecessary to discuss them at the main meeting.

DAC was not prepared to present recommendations for relocation
of the Lox vents to prevent ST-124-M interference and A.I. 4106 ensued.
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21. CONFIGURATION LIST (SATURN IB/V)

Mr. Comer, DAC, said that he felt the material listed in appendix A, .
pages 197-198 was complete and neither a presentation nor a discussion was
necessary. Meeting attendees agreed.

22. SOLID ULLAGE ROCKETS

Mr. Walton, DAC Propulsion, likewise skipped his presentation in
the interest of time and only presented corrections to the material in appendix A,
pages 199-204, as shown in the errata sheets (appendix CC).

23, GROUND SUPPORT EQUIPMENT

Mr. McMillen, DAC GSE, discussed the SACTO propellant loading
plans described in appendix A, page 205. He stated that DAC is complying
with Change Orders 165 and 298 for the modulating (replenishing) valve re-
quirements,

Mr. Killibrew, DAC GSE, described the ground support equipment
for the propellant tank positive pressurization system required during trans-
portation, handling, and storage in appendix A, pages 206-209. This latest
design concept was presented to MSFC approximately one month ago.

Mr. Killibrew stated, in reply to a question from Mr. Voss, that DAC does

not have a requirement for recording pressure history. Mr. Voss stated

that S&ID does have such a requirement for the S-II Stage. DAC plans to use
GN for the pressurant. It was stated that a relief valve is a requirement for

all pressure levels and that the GSE will have this provision even though it is

not shown in the appendix A schematic drawing. The GSE will contain 10 cu.

ft. of GN at 3000 psig. Each propellant tank will contain a static and pressuriz-
ing line although this is not reflected in appendix A. The stage disconnects

v/ill add approximately 10 lbs. to the stage.

Mr. Lapham, DAC, discussed GSE technical problems that were
affecting the delivery schedule as outlined in appendix A and supplemented
by appendix BB.

24. DAC WILL IDENTIFY MAJOR PROBLEMS REQUIRING MSFC ACTION

Mr. Comer, DAC, stated that DAC had discussed their major
problem areas during the course of the meeting.

Mr. Holmen, DAC, presented a status report for the DAC Orbital
Debris Study. The Orbit Debris Committee will meet at MSFC in approximately
two weeks¥*, He stated that (1) the Lockheed Aircraft Company (LAC) proposal
fov spherical retromotors is not acceptable to DAC, (2) neither of the LAC
proposals were felt to be practical and DAC will submit alternate proposals at
the next committee meeting, (3) an additional problem of the interference

bLetween the retros and the LEM adapter panels must be resolved,

* *LATER SCHEDULED FOR SEPT. 25, 1964 AT MSFC, BUILDING 4200, ROOM 513
12
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1.0 INTRODUCTION

This report contains the information prepared and compiled in preparation for
the Sixth Vehicle Mechanical Design Integration Working Group meeting for the
S-IVB Stage (Saturn IB/V) held at Douglas Aircraft Co., Inc., Huntington Beach,
August 26-27, 1964. Data was not available in time for inclusion in this document
for those agenda items not mentioned hercin. Informal data on these items will be
- distributed during the meeting.
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3.0 STAGE WEIGHT STATUS

3.A NOMINAL AND CONFIGURATED STAGE AND INTERSTAGE WEIGHTS

3.A.1 NOMINAL STAGE AND INTERSTAGE

The nominal stage and interstage is the configuration chosen for weight reporting
purposes. This configuration is used and defined in the S-IVB Monthly Weight and

Balance Status Report. The weight status of the nominal stage is shown in Figure 4 and

is derived from the body and appendices of the August 15, 1964 weight status report.

3.A.2 CONFIGURATED STAGE AND INTERSTAGE

A configurated S-IVB stage and interstage represents a singular stage assigned
to a specific vehicle mission. Configurated weights for the Saturn IB/S-IVB and
Saturn V/S-IVB are shown in Figure 5. As vehicle effectivities and missions become
more firm, one or more configurated stage will be added to the monthly weight and
balance status report.

3.A.3 WEIGHT REDUCTION REDESIGNS INCORPORATED IN CONFIGURATED
WEIGHTS

Redesigns for the purpose of improving payload capability which have been
incorporated into the configurated weights are shown in Figure 6.

3.B DRY STAGE WEIGHT AND BALANCE AT SACRAMENTO

3.B.1 INTEGRATION OF WEIGHT AND BALANCE OPERATIONS

Final S-IVB weight and balance will be performed using Model 345, Weight and
Balance Kit, at Sacramento Test Center in the Vertical Checkout Laboratory (VCL).
The sequence of operations including weight and balance is shown in Figure 7. Since
this sequence leads to a vehicle configuration at the time of weighing that is basically
the same as the previously planned KSC weighing, no degradation in final dry
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weight accuracy is expected. The weighing positions in the VCL are shown in

Figure 8.

3.B.2 WEIGHT AND BALANCE MONITORING UNTIL LAUNCH

During and after the final stage weighing at Sacramento a running log will be
maintained reflecting weight changes after final weighing. The weight log book will
be prepared at Sacramento and shipped to KSC where it will be maintained by a Weight
Control representative. The weight log will be in accordance with MSFC Form 998.

3.C CRYOGENIC WEIGH SYSTEM

3.C.1 CURRENT HARDWARE PROCURIEMENT STATUS

The cryogenic calibration weigh system consists of seven major end items
(Models 500, 569, 570, 571, 572, 573, and 574). Detailed drawings of the overall
system are approximately 80 to 85 percent complete (Figure 9). Under present
schedules, all drawings are expected to be completed within two months. One Work
Release Order (WRO) has been approved under Model 500 for the procurement of the ‘

working dead weights. WRO's are pending for the following items:

a. Environmental Enclosure
b. Environmental Enclosure Support Structure
c. Environmental Control and Vertical Sensor Transducers and Cables

d. Lift Sling and Truss Assembly

Negotiations are in progress with Orbitan Company, Inc., Lakeside, California, for
the design engineering of Model 574, Measuring and Recording Unit.

3.C.2 SCHEDULE IMPACT

The first cryogenic weigh system usage will require three complete calibrations
of each propellant tank for system evaluation and repeatability determination. The
first usage will require approximately one to two weeks for complete calibration.
Subsequent calibrations will require one separate calibration of each tank. Since the
stage and GSE preparations are similar for either the cryogenic calibration cold flows

or for the Static Acceptance Firing and as the weigh system preparations may be made

A- 21




in parallel, the schedule impact due to the eryogenic calibration cold flows is minimal.
Experience from the S-IV stage (SA-9) indicates that the complete calibration cold
flows may be accomplished within a twenty~four hour period. The fill and drain

cycle for the S-IV-9 LOg tank calibration was accomplished in approximately three
hours. Due to the increased capabilities of the Beta Complex over the Alpha Complex,
the LOg and LHgp tank calibration may be accomplished on the same day rather than on
different days as for the S-IV stage. Figure 10represents the cryogenic calibration
effort for a typical stage at Sacramento on a two shift, 40 hour week.

3.C.3 PAYLOAD PENALTY DUE TO PROPELLANT LOADED ERROR

The effect of S-IVB stage propellant loaded error on payload is shown in
Fig‘urg 11. The curves are based on the worst case combination of LO2 and LH2
loading errors (i.e., opposite signs on LO2 and LH2 loading errors). Based on these
curves, the loading accuracy tolerance of +0.5 percent of nominal propellant load
(Change Order 263) results in a payload penalty of 10 pounds for Saturn V and 25
pounds for Saturn IB at an engine mixture ratio of 5:1. For Saturn IB with stepped
engine mixture ratio, the payload penalty is 70 pounds.

3.C.4 ALTERNATE METHODS OF PU SYSTEM CALIBRATION

A review of the immersed probe PU calibration method and the engine flow mass
method as possible alternates or backup for the cryogenic PU calibration has been
made. Neither the immersed probe method using water calibration techniques nor the
engine flow mass method provide the required accuracy of +0.5 percent. However,'
for missions which are not payload critical, these methods provide a possible
alternate. Of the two, the engine flow mass calibration appears the most attractive
since it has no schedule impact and no additional hardware requirements. The data
obtained from the cryogenic weigh system will be used to develop the J-2 engine flow
mass analysis to its greatest accuracy potential.
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Re H. YOUuO, I-I/IB-S~-IVD-L (WVE SEUD - 2)
TH ITPLY REFER TO AS=-C50-X010-k,1,6-T=55/T, Jo CORDON

SUDJCSCOT:  FCQUIRELTXT FOR THE S-IVD WRICH SYSTEM

A5 YOU ARE m:w,x HAVZ RECONTLY REAYALYZED THE IRQUI
VOIGI SYSTEY I TUT S-IV3 PROGRA', RECZNT INFORVATION JROM YOUR CFFICI Il l-
LISHES TOE S-IVB VEHICLE CONTRIBUTION TO WRICHT WICLITAINTY AT LIFNOFT A5 L3357
0P Tin GROSS B-IV3 PROPELLANT WilGLT. IT IS LOT POSSILLE TO OBTALY WIS A0

© CURACY DY ANY TCCAUIQUE OTLR TUAN A CRYOGENIC UTICH SYSTIM.
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WE RCLIEVE THUAT THIS ACCURACY IS PERIAPS MOPE PRUCISE THAY TUAT ACTUALLY ILTUIRED
POR PERFORVMANCS REASONS, FOR EXAPLE, OUR COMDURAXIONS SHOW THAT FOR A MIYTU.C

: R!"'IO OF 5 TO 1, A 2% LOAD ERROR WOULD RISULT m & 63 PO PAYLOAD LOSS CH Tt
SATURNY IB AJD A 15 POWND PAYLOAD LOSS O y;mrr’\ Ve

TWZ PAYLOAD LOSSES BECOIZ MORE SIGNIFICANT IF Tl VILIICLE PEEFORMANCE IS COLIUTLD
WITH PROCRAM MIXTURZ RATIO GATHS IN MIND, COWSIDERING A SATURN ID MISSIOH,
OFF=-LOADID TO OSTAIN HIGH THRUST DURING TIE LARLY PORTIOFS OF FLIGHD, A PAVIOND
CATM OF APPROXIMATZLY 1700 POUXDS OVER NOMINAL COULD BF PRIDICIED WITH PRICITT

' LOADING AT LIFICFF. IF TIE LOADING WERE INACCURATE BY 17, HOVEVER, PAYLOAD LOG3
WCULD BE 175 POLD3. AT 2% LRROR, THIS LOSS GROWS TO k25 POWNDS OUT OF T 2700
POUNDS EXZ .-:.C'I'L’D GAIH.

[

THE WEIGE SYSTEH INSTALLATION AD SACRAVENTO IS BIUIND SCHEDULE AND WILL NOT S
AVAILAZLE FOR E’ITIK'IR THE ALL SYCSTEMS VITIICLE OR =201, T{I3 CONDITICN ritilnlo
'FROM Al EARLY JOLIT )DAC/Z'-’ASA DICISION T0 DIVERT APPROXINATLLY (288,30C Ficl
THE CRYOCTIIC WEIGT SYSTE TO COMPLEX GAMIA EQUIPITNZ. IT IS OUR UHTIRDUANNILG

TIAT ATPRONIMATILY 4705000 OF FACTLITY MONCY IS AVAILALIL 10 COVTINTLD Gl
CRIOCUNIC WAIGH SYSTMM,  ACCORDING T0 OUR PRESITY ISTTUATLS, AT ADTITIONLL .

1.5 MILLIOY DOLLARS WILL BS RIQUIRID "U COIPLITE 7D SQiuLTiN PLANIID.
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4.0 STRUCTURAL QUALIFICATION TESTING (SATURN IB/V)

4. A Additions to Data Acquisition System Required in Memorandum R-P& VE-SSS-
64-62.

4.A.1 INTRODUCTION

The Saturn S-IVB (IB/V) Structural Test program utilizes 5 test pads with sev-
eral major qualification tests being set up and conducted simultaneously (see figure 12).
A new requirement was generated by NASA which increased the test instrumentation
as much as 232 per cent per test specimen. This increase has imposed a requirement
greater than the existing DAC capability, thus necessitating the additional equipment
noted in NASA memorandum R-P&VE-SSS-64-62. This equipment being: (a) 60 Bal-
ance, Normalize, and Calibrate Units; (b) 5 Balance, Normalize, and Calibrate Read-

out Units; and, (c) 5 Cathode Ray Tube Units.

The basic Digital Data System at the A3 Structures Laboratory consists of 3 ‘
major components: (a) Transducer; (b) Balance, Normalizing, and Calibration Unit
(Signal Conditioning); and, (c) Data Acquisition Unit. See figure 13. Additional equip-
ment is required which gives the system flexibility to set up several tests simultane-
ously, and for instantaneous visual monitoring of various test parameters. These
units are the Balance, Normalizing & Calibrating Readout Units and Cathode Ray Tube

Units, respectively. See figurel3,

4.A.2 PURPOSE

a. Balance, Normalize, and Calibrate Units (Signal Condition)

The use of strain gages, bridge type transducers, etc., for test data acqui-
sition necessitates the requirement for circuitry to supply excitation power
to the transducer and for the output signal of the transducer to be balanced,
normalized, and calibrated to a usable level for accurate data recovevy and
processing. The subject (BNC) panel is a mandatory piece of signal condi-
tioning equipment, necessary to complete the data signal circuit from the ‘
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b)

c)

data pressure transducer, strain gage, thermocouple, etc., of the Saturn

S~IVB test specimen to the Digital Data System.

Each BNC provides 25 channels with the necessary bridge completion net-
works, data signal balancing and normalizing adjustments, automatic cali-
bration functions, and strain gage power routing circuitry. Each channel
input of the BNC panel accepts two, three, four or six wire type transducers;
that is, thermocouples, pressure transducers, single active leg strain
gages, 4 leg strain gages, load rings, bending beams, etc. The BNC panel
output supplies conditioned signal data to the Digital Data System for re-
cording, monitoring and processing.

Balance, Normalize, and Calibrate Readout Units

Five (5) Balance, Normalize and Calibrate Readout Units should be pro-
vided. These units will allow independent checkout of the test setup at each
of the facility test positions without the use of the digital data system. This
is an important requirement in regard to meeting the test schedule of Fig-
urel2in that it allows parallel testing as shown in schedule instead of

series testing.

Cathode Ray Tube Unit (Bar Chart)

Five (5) Cathode Ray Tube Units should be provided. This will allow the
display of 100 measurements during testing. These are needed for moni-
toring critical areas for determining critical stresses. The data system

provides the ability for switching to any channels.

4.A.3 STATUS

All AFE's have been written, submitted to NASA, approved by NASA, and are

currently being processed by DAC Plant Engineering. All necessary paper work has
been initiated to validate the preliminary vendor bids on the subject items. It is
anticipated that the Cathode Ray Tube Units, Balance, Normalize, and Calibrate
Readout Units, and 40 of the 60 Balance, Normalize, and Calibrate Units will be
available by mid-November 1964, The remaining 20 units will be available 30 days
later or mid-December 1964. This will bring the permanent DAC data capability at
the Structures Laboratory to 1950 channels, sufficient to meet all normal data
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requirements. However, there still remains one period, April and May of 1965, at
which time the data requirement exceeds the capability. To over-come this deficiency, .
the data system at the Santa Monica Plant will be scheduled to supplement the Huntington

Beach data system, thus eliminating the problem.
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4. B. Problems Anticipated by Necessity of Testing Structural Hardware Designed
for Non-Flight Loads

One of the requirements that is considered mandatory within any valid qualifi-
cation test program is that the specimens tested be production parts duplicating
actual flight hardware. The airframe is primary structure and part of the Vehicle
Critical Items List. Thus, it is even more important that the airframe hardware
tested duplicate the flight hardware. To be more specific, primary structure quali-
fication tests require a unique procedure for test plan coordination, review and
approval prior to initiating the specific structural test. Therefore, it is difficult
to conceive that sound engineering judgments that have prevailed to date have
suddenly been waived in favor of a more reasonable expense or to expedite a con-
tinuously changing test program. A test program based on sound engineering

judgments should always be our goal regardless of political impact,

One of the prime reasons for testing an assembled structure is to determine the
effect of certain built-in physical characteristics that influence the structural behavior
of the design and are not readily accounted for in the analysis, If these characteris-
tics are unknown for the part to be tested, it is logical to assume that the
information derived from this test cannot be used to predict the behavior of another

structure designed to an altogether different criteria.

As an example, some of the problem areas that require resolution prior to the
analytical qualification of flight structure include:

1. Testing structure designed for a present non-flight load condition.

2. Testing it between two test dummy structures.

3. Testing with an environment foreign to any proposed flight environment
and recording results,
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4. Substantiating a stress analysis with test results or establishing

an analysis technique based on the test results.

5. Correlating substantiated method of analysis with method of

analysis for flight hardware.
Each of these conditions creates an analytical problem of its own.

In condition number one above, the test specimens were designed for a present
non-flight load condition using a beam column analysis of the maximum compressed
stringer, similar to (a) in Figure 14. The basic assumption in this analysis is that
of immovable supports, and is quite reasonable considering the loading condition.
There were no transverse loads on the stringer for the original design condition,
so deflections of the support frames would be small. Regrettably, this assumption

is not valid for the test setup or the flight structure,

The problem associated with condition number two is one of fixity. The two
test dummy structures will undoubtedly give the specimen more (less flexible)
restraint than adjacent flight structure, since they are designed to assure failure of

the specimen. In our case, the effect of dummy structure fixity will be a difficult .

parameter to determine. Dummy structure fixity is always a test problem, but its
effect is usually easy to evaluate. Normally, the proper structure is tested with the

correct environment, and dummy structure fixity is the only variable.

The test environment will consist of original design limit loads, plus whatever
internal pressure the specimen can withstand, but not exceeding expected flight
pressures. Using this environment will not qualify any structure. However, its use

will add a parameter, pressure distribution, to the analysis.

The analysis that will attempt to account for the variables posed in conditions
one through three (frame displacements, end support fixities, and pressure distribu~-
tion) is shown in (d) of Figure 14, This figure also illustrates other analyses that
would attempt to account for the variables. (b) is a rather simple analysis that can
account for end support fixity only. (c) is more complex but can include only two of

the three variables, frame displacements and end support fixity,

To sketch the model (d) in Figure 14 is very easy, but to extract numbers with

an analysis using this model is quite difficult, Whenever axial compression is an




applied load, the effects of other parameters are not easily determined., Axial com-
pression will tend to increase the apparent effect of any one parameter. In fact, the
larger the axial compression, the more effect it has on the other parameters. So,
determining (even by test) the frame spring constant, fixity of the test dummy struc-
ture, and the pressure distribution, each required for an accurate analysis, will be

extremely difficult.

Assuming that these difficulties can be overcome and that an accurate analysis
is accomplished, the final condition, correlation of methods of analysis, must then
be accomplished. The flight structure will be analyzed for a load environment
- different from the test environment. The variables posed in testing (frame displace-
ments, end support fixity, and pressure distribution) must now be considered for
flight structure. The effects of the variables and different load environment will have
to be evaluated with a best guess based on the test results. The best guess will be
subject to inaccuracies because axial compression has a nonlinear effect; and the

flight compression load per stringer is much larger than the test compression,

In conclusion, if all five steps are to be accomplished, each associated
analytical problem must be evaluated accurately, Otherwise, the Saturn-IB Flight
Structure will not be qualified,

4.C. The Internal Loads Analysis of the S-IVB Aft Interstage at the S-IVB/IB
Interface for the Structural Test Article

A Redundant Force Analysis (RFA) has been prepared to evaluate the load
distribution at the S-IVB/S-I Interface. This analysis was performed on the flight
configuration. The idealized analytical model was assumed to be supported by a
semi-rigid foundation at the eight reaction beams, The maximum qe load condition
was investigated for the combined effects of the external axial, bending moment,
and shear loads (reference R-P&VE-SL-212-63) and the internal pressure distribution
(reference S-IVB Technical Coordination Bulletin No, 233),

The non-flight test specimen will be analyzed, utilizing the Redundant Force
Analysis, to determine the expected load distribution at the simulated test interface,
The RFA idealized model will be modified to reflect the section properties of the test
specimen. This analysis will be completed prior to the initiation of the structural
test,



4,D. The Interface Flange Tensile Test Program to Include a Comparison of
Analytical and Test Results

Development tests of joints simulating the separation joint of the aft skirt and
interstage and the LH2 tank to the skirt structures have been performed. The test
results are applicable to both the Saturn-V and -IB. These tests were designed to
establish the load capability in the local joint region. The test data shows that the
joint designs can resist the required design ultimate loads, Figures 15 and 16

show the test results and compare the required design loads graphically.
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5.A.1. Summary of MSFC Load Documents Applicable to S-IVB Stage (August 1964)

5.0 STRUCTURAL DESIGN LOADS AND STRENGTH ANALYSIS

5.A,.1.1.

Qe

b,

Saturn IB

Primary Design Data

1)

2)

3)

4)

5)

6)

R-P&VE-SL~212-63 (CO 146)

"Preliminary Structural Loads for Saturn IB Vehicle with Uprated
H-1 Engines"

Addendum to R-P&VE-SL-212-63 (CO 146)

R-P&VE-SL-217-63 (CO 146)

"Corrections to R-P&VE-SL-212-63 ., . ."
R-P&VE-SL-219-63 (CO 184)

"Preliminary Investigation of Longitudinal Dynamic Loads on
the Saturn IB Operational Vehicle with 200 KIP Engines"
TD-270 (Reference M~AERO-A-71-63)

"Preliminary Aerodynamic Loads on the Auxiliary Propulsion
System for the Saturn IB Vehicles"

M-P&VE-VA-318-63 (TD-255, CO 107)

"Revised S-IB/S-IVB Interstage Design Criteria" (Fairing
Design only)

Structural Test Data (Early Design Data)

1)

R-P&VE-SD-396-62 (TD-16)

"Preliminary Flight Loads of Satufn IB Configuration Number "
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2)

R-P&VE-SD-413-62 (TD-16)

"Wind Loads for the Saturn C-IB Configuration Number 1"

¢. Secondary Design Data

1)

2)

I-V-S-IVB-TD-64~108

"Reduction of Erection Load Factor"

1-V-8-IVB-64-396 (CO 288)

""Hydrogen Fuel Tank Pressure Reduction and Redesign'

d. Pending Design Data

1)

2)

R-P&VE-VA-318-63 (TD=-211)

"Revised S-IB/S-IVB Interstage Design Criteria"

R-AERO-AD-64-55 (Letter I~V-S-IVB-64-A-181)

'""Design Criteria: Saturn V and Saturn IB Vehicles In-Flight
Venting Analysis of the Forward S-IVB Stage Skirt, Instrument
Unit, LEM Adapter and Service Module Compartment'
(Venting CO 284)

5.,A,1.2 SaturnV

a. Primary Design Data

1)

2)

M-P&VE-~SL-9-62 (TD 15)

"Structural Loads for the Saturn C~5 LOR Vehicle (Sub-Orbital
Start)"

M-P&VE-SL~2-62 (TD 15)

| ""Shear, Moment, Deflection and Lateral Acceleration of the

Saturn C-5 LOR (Sub-Orbital Start) Vehicle on the Pad"
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b.

C.

3)

4)

M-P&VE-SL-89-63 (TD 112)

"Preliminary Investigation of Longitudinal Dynamic Tension Loads
for C-5 LOR at Flight Cut-off"
R-P&VE-SL-203-63 (CO 185)

"Preliminary Investigation of Longitudinal Vibration Loads
for the Saturn V LOR during Buildup"

Secondary Design Data

1)

2)

3)

M-P&VE-SL-11-62 (TD 15)

"In-Flight Slopes and Deflections of the Saturn C-5 LOR
Vehicle (Sub-Orbital Start)"

M-P&VE-SL-29-63 (TD 45)

"Wind-Induced Oscillations of the Saturn V LOR Vehicle on
the Launcher/Umbilical Tower"

M-P&VE-SL~-75-63 (TD 129)

""'Saturn V Lateral Accelerations on the Launcher/Umbilical

Tower"

Pending Design Data

1)

2)

M-P&VE-SL-53-63 (TD 87)

""Longitudinal Force for aq Maximum, ¢ Maximum and Cut-off
Applicable to‘ Saturn V LOR (Sub-Orbital Start) Vehicle"
R-P&VE-SLR-64~22 (CO 223)

"Preliminary Investigation of Longitudinal Vibration Loads in

the Saturn V LOR During Buildup and Emergency Rebound"
(Less critical than CO 185)



3)

4)

5)

6)

7)

8)

9)

10)

R-P&VE-SL-202-63 (TD-284)

"Design In-Flight Pressure Loads for the Saturn V, S-II/S-IVB
Interstage''

R-P&VE-8J-64-1 (TD-284)

"Design Load Criteria for the S-II/S~-IVB Interstage"

R-P&VE-SLL-64-11 (TD 64-57)

""Addendum to 'R-P&VE-SL-202~63""

R-AERO-AD-64-55 (Letter I-V-S-IVB-64-A-181)

'"Design Criteria: Saturn V and Saturn IB Vehicles In-Flight
Venting Analysis of the Forward S-IVB Stage Skirt, Instrument

Unit, LEM Adapter and Service Module Compartment' (Venting
CO 284) '

I-V‘-S-IVB-64f396 (CO 288)

"Hydrogen Fuel Tank Pressure Reduction and Redesign"
R-P&VE-SLR~64~32 (TD 64-118)
"Preliminary Investigation of Longitudinal Dynamic Tension

Loads for the Saturn V LOR During Flight Cut-off and First

Stage Separation'

R-P&VE-SVA-64-76 (TD 64-126)

""Vibration Response of the S-IVB Interstage and Aft Skirt
Skin Panels" |

R~P&VE-SVA-64-90 (TD 64-126)

"Addendum to Memorandum R=P&VE~SVA=64=76, o o + o "




5.A.2. MSFC Load Memoranda Presently Being Used to Design the SA 201 and Subs

1,

3.

4,

5.

(Except SA 201 Aft Skirt)

R-P&VE-SL-212-63 (CO 146)

"Preliminary Structural Loads for Saturn IB Vehicle with Uprated
H-1 Engines"

Addendum to R-P&VE~SL-212-63 (CO 146)

R-P&VE~-SL-217~63 (CO 146)

"Corrections to R-P&VE~-SL-212-63 ., ., ."

R-P&VE-SL-219-63 (CO 184)

"Preliminary Investigation of Longitudinal Dynamic Loads on
the Saturn IB Operational Vehicle with 200 KIP Engines"

M-P&VE-VA-318-63 (TD-255, CO 107)

"Revised S-IB/S-IVB Interstage Design Criteria" (Fairing Design only)

5.A.3. MSFC Load Memoranda Presently Being Used to Design the SA 201 Aft Skirt

1,

2.

R-P&VE-SD-396-62

"Preliminary Flight Loads of Saturn IB Configuration Number 1"

R~-P&VE~-SD-413-62

""Wind Loads for the Saturn C-IB Configuration Number 1"
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S R it e B D e RE e v i amie B S e SR TR Mt om0t CweeB iR s e e o AWERNE L0 RE RV LB -



5.C Implementation of R-P&VE-SL-212-63 Loads on S-IVB/IB Flight Stages.

Fprward skirt — Redesign stringers, forward and aft end frame caps.

Effective SA 201 and subs.
Dwg. release status — 90% complete

Aft skirt — Redesign stringers, forward intermediate frame and separation
joint. Two frames will be redesigned as required to support the APS modules and

ullage rockets.

Effective SA 202 and subs.
Dwg. release status — 90% complete

Aft Interstage — Completely redesigned. all _frames, stringers and reaction

beams affected.

Effective SA 201 and subs
Dwg release status — 85% complete

No schedule impact is expected except for SA 202 aft skirt as outlined in TWX ‘
A3-850-K031-4.23.8-T-679, dated 8-14-64.
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GEORGE C. MARSHALL SPACE FLIGHT CENTER

SATURN RESIDENT MANAGEMENT OFFICE
HUNTINGTON BEACH, CALIFORNIA

Memorandum

TO Mr. J. H, F R-P&VE~ DATE September 1, 1964
fe FuTmAn, E-3J R~ P&VE/DAC-27~64,

FROM ' Resident Representative, R-P&VE/DAC

SUBJECT  pouglas Aircraft S-IVB Space Systems Design Memorandums

1. Forwarded herewith, for information, is onme (1) copy each of the following
classif@ed (confidential) S-IVB Design Memorandums:

No. 2 « Preliminary Design Program -

No. 5 = Ground Rules for Realigned S-IVB Program ’

No. 13 = Preliminary Loads for Design of the S-IVB Stage of the C5 Vehicle

No. 13A - Preliminary Loads for Design of the 8-IVB Stage of Saturn V

Vehicle

No. 19 - Preliminary Loads foxr Design of the S-IVB Stage of the.c-S Vehicle,
LOR Suborbital Start = 185.2 KM Circular Orbit

No. 19A - MSFC - Supplied DesiBm Loads for the S-IVB Stage of the C-5
Vehicle o

No. 19B - MSFC - Supplied Design Loads for the S-IVB Stage of the C~5
Vehicle ,

No. 214 = Design Loads for the S-IVB Stage of the C-1B Vehicle !

No. 21B =~ Design Loads for the S-IVB Stage of the Saturn 1B Vehicle

No. 50 - S-IVB/Saturn 1B Design Mission Definition

No. 84 - S-IVB/Saturn V Design Mission Definition

2. With this first transmittal of &esigﬂ memorandums, it 1s requested that

- . Mr. M. O. Enger of R-P&VE-SA initiate a central file copy to be made available

-to interested persomnel of the Structures Divisiom.

3. All other design memorandums to date will be fo

CIM:evh .
Encls. a/s ;

 ee: Mr. R. F. Griner, R-B&VE-DIR(J) (w/o enc)V/

Mr. W. R, Walters, R-P&VE-SJ (w/o enc)

Mr. J. Blumrich/Mr. M. Enger, R-P&VE-SA (w/o enc)

Mr. P. Frederick/Mr. N. Schlemmer R-P&VE~SS (w/o enc)
Mr. N. Showers, R-P&VE-SL (w/o enc)

Mr. H. Gibbs, I«I/IB-DAC ‘

MEFC « Porm 488 Mut 1960)
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L-P&VE=-SLL-6A-45
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sxs.-so:l ¢ SUBSEQUENT

REVL 1O - /A= éVE_SL-g-QQ _\;qc_on.POQATED WITH
a _APPENDIX TO_§ '

IN-PEVE-SL-83 0D |M-PEVE-SL-N=G2t/APEVE-S-2-6B|  [/A\-PEVE-SL-89-G3|
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6.0 BATTLESHIP

6.A. Program Testing Schedules

The Battleship Schedules are presently being updated. Current information was
not available at the printing deadline of this document.

6.B. J-2 Engine Chill Program

The outstanding problems related to the J-2 Engine start are:

LH2 and LO2 turbopump chilldown.
Bubble removal from the LH, and LO, antivortex screens.

2 2

Conditioning and maintaining the bell chill.
Chilling to and maintaining the engine start bottle conditions.

The solutions to these problems will be part of the objectives of Battleship test-

ing as outlined in the following test program.

LOADING
TEST LN
AND LO2

OVERBOARD
CHILLDOWN THRU
GG ONLY DO2 AND LH

2

FORWARD
FLOW
RECIRCULATION

VERIFICATION
RUN AND IGNI~
TION TEST

20 SEC
HOT FIRING




TEST PROGRAM TO ESTABLISH S-IVB/S-IB BATTLESHIP J-2 ENGINE AND PRO-
PELLANT FEED SYSTEM CONDITIONING REQUIREMENTS

OVERBOARD BLEED ~ GG ONLY

Test Conditions

1.

LH2 engine pump discharge bleed system.

Propellants loaded with prevalves open,

LH, and LO, loaded to 100% level for each run,
Forward flow LO2 recirculation chilldown system,
Stainless steel LH2 duct installed.

N¢ LH2 chilldown pup vperation - LH2 prevalve open.,

Oversize engine bell chill orifice installed.

Engine bell diffuser installed and purged with GN2 followed by

cooling with water.

LO2 tank pressurized to 37 - 40 psia.,

Hardware Modifications

1,

2,

Run No,

LH2 engine pump discharge bleed system installed,

LH2 chilldown shutoff valve closed (disable electrical circuit),

1 (LHlTank Pressurized to 37 psia)

Flow propellants to thermal equilibrium,

Chill engine bell to -200° F and cycle flow to maintain bell at
-150 £ 50° F,

Chill and load the engine high-pressure (pnewmatic control and
turbine start) bottles, ’

Ignite single hydrogen burner.
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Run No, 2 (LHZ Tank Pressurized to 30 psia)

1. All-o-w engine pump housing to return to initial equilibrium conditions
(Monitor surface temperature patches on turbopumps).

2. " Allaw engine bell to réturn to initial conditions and determine

warm-up characteristics, -

3. Same as Run No. 1, except for LH, tank pressure and ignite two
hydrogen burners,

Run No, 3 (LH2 Tank Pressurized to 22 psia)

1. Same as Run No, 1, except for LH2 tank pressure and no hydrogen
burner ignition.

Run No. 4 (LH 9 Tank Pressurized to 22 psia)

1. Same as Run No, 1, except for LH2 tank pressure,

FORWARD FLOW RECIRCULATION

Test Conditiqns

1. LH, and 1O, loaded to 100% level for each run.
2, Plastic LH2 feed duct installed.

3. Propellants loaded with prevalves open,

4. Flight chilldown pumps installed.

5. Forward flow chilldown,

6. Nominal engine bell chill orifice installed - size based on previous

test.

7. Engine bell diffuser installed and purged with GN2 followed by
cooling with water,

Hardware Modifications

1, Normal flight chilldown syatem installed.
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Run No,

1 (Tanks Unpressurized)

2,

3.

4.

5.

Run No,

Run both chilldown pumps simultaneously until thermal equilibrium
is reached at the engine pump inlets and gas generator bleed valve
outlets,

Prepressurize the propellant tanks (LO2 tank 37 ~ 40 psia and LH
tank 28 - 31 psia), open prevalves with chilldown pumps running,
and observe bubble expulsion at liquid surface inside fuel tank.
Motion picture and TV coverage required. Duration 30 seconds,

2

Chill engine bell to =200°F and cycle flow to maintain bell at
-150 £ 50°F,

Chill and load the engine high-pressure (pneumatic control and
turbine start) bottles.

Ignite single hydrogen burner.

2 (Pressurize LH2 Tank to 29.5 + 1,5 psia and LO, Tank to 38.5 = 1,5 psia)

2

Allow engine pump housing to return to initial equilibrium conditions.

Allow engine bell to return to initial conditions and determine
warm-up characteristics.,

Run both chilldown pumps simultaneously until thermal equilibrium
is reached at the engine pump inlets and gas generator bleed valve
outlets,

Open prevalve with chilldown pumps running and observe bubble
expulsion at liquid surface inside fuel tank, Duct and overall motion
picture and TV coverage required. Duration 30 seconds.

Chill engine bell to equilibrium,

Chill and load engine high-pressure (pneumatic control and turbine
start) bottles.

Ignite both hydrogen bleed burners,
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Run No,

3 (Tanks Unpressurized)

1, Same as Run No, 1, except no hydrogen burner ignited.
Run No, 4 (Tanks Pressurized to Nominal Value)
1., Same as Run No. 2, except for tank pressure.

VERIFICATION RUN AND IGNITION TEST

This test will be conducted provided forward flow chilldown proves adequate,

This test will allow a blowdown of the engine turbine start bottle and permit the engine
to proceed through the initial start phase before cutoff, Engine cutoff will be
initiated by automatic firing control logic at engine start - no ignition (Run No, 1),

and by expiration of the engine's ignition phase timer (Run No, 2). This will permit

an evaluation of the engine's ability to start without proceeding to main~stage
operations.

Test Conditions

1,
2,
3.
4,
5.
6,

7.

8.

LH, and LO, loaded to 100% level for each run,
Stainless steél LH2 duct installed,

Propellants loaded with prevalves open.

Flight chilldown pumps installed.

Forward flow chilldown.

Nominal engine bell chill orifice installed.,

Engine bell diffuser installed, and purge with GN2 followed by
cooling with water,

Douglas automatic firing control logic.
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Hardware Modifications

1,

2.

3.

Normal flight chilldown recirculation system installed.

Rocketdyne recommends the following procedure be used for ignition

ae

b.

C.

d.

e,

f,

ge

tests on J-2 engine S/N 2003:

Disconnect the electrical connector P16 from the start tank
pressure switch, '

Cap J16 (i.e., the pressure switch end of the connector) to
protect from dirt and water.

Fabricate a jumper across pins B&G of a 148 shell size, 5 pin
connector.

Connect the jumper, mentioned in Step 3, to the start tank
pressure switch harness. (P16 connector of electrical harness
502126), ’

Disconnect the electrical connector P15 from the mainstage
solenoid.

Cap J15 (i.e., the solenoid portion of the connector) to protect
from dirt and water.

Fabricate a jumper across pins C&D of a 14S shell size, 4 pin
connector.

Connect the jumper, mentioned in Step 7, to the mainstage
solenoid harness (P15 connector of electrical harness 502126),

Upon completion of (2) above, a sequence test must be performed per
RA0220-300D, J-2 Rocket Engine Assembly Acceptance Firing Pro-
cedure, Section 4.4,7 through 4.4.8. The installation of the afore~

mentioned jumpers will cause the test to terminate upon the expiration

of the ignition phase timer, due to the absence of a turbine start bottle

depressurized signal.



Run No, 1 (Propellant Tanks Unpressurized)

1. ' Prepressurize the LH, and LO, tanks to 37 - 40 psia.
2, Engine cutoff initiated by the automatic firing control logic - i
NO IGNITION. |
Run No, 2

1, -Same as Run No, 1, except engine cutoff will be initiated by the
expiration of the engine's ignition phase timer,




6.D. BATTLESHIP NON-FLIGHT COMPONENTS

The following list closes Action Item No. 4030

Part Number Component
1A69680 Purging System Installation
1A69671 Duct, Flexible
1A69672 Support, Duct
1A69674 Duct, Distribution
1A69675 Duct, Inlet
1A69677 Duct, Short
1A69678 Bracket, Purging System
1A69679 Strap, Duct Support
1A82512 Bracket, Duct, Helium Bottle
1A82515 Duct, Lower, Attitude Control Simulation
1A82516 Brace, Horizontal, Duct, Attitude, Control Simulation
1A82517 Brace, Vertical, Duct, Attitude Control Simulation
1A82827 Support Bracket, Helium Bottle '
1A86812 Plate, Dud, Electronic Panel

. 1A86813 . Plate, Center, Electronic Panel
1A86814 Clip, Plate, Upper, Electronic Panel
1A86815 Clip, Plate, Lowér, Electronic Panel
1A86974 Baffle, Manifold, Purging System
1A87015 Plate, Electronic Panel
1A87487 Frame, Aft Skirt, Station 201.250
1A87549 Frame, Aft Skirt, Station 220.688
1A87930 Frame, Aft Skirt, Station 235.375
1A87931 Frame, Aft Skirt, Station 235.375
1A87932 Frame, Aft Skirt, Station 235. 375
1A87933 Frame, Aft Skirt, Station 220. 688
1A88186 Plate, End, Electronic Panel
1A89994 Duct, Umbilical Connector
1A93041 Gasket, Duct, Umbilical Connector
1A93797 Panel, Aft Interstage
1A94701 Duct Assy, Flow Control

. 1A69665 Valve, Butterfly, Environmental Control



Part Number

1A69666
1A69668
1A69669-1
1A69670
1A69673
1A69676
1A69681
1A95029
1A94858
1A69667
1A82513
1A82514
1A82518
1A82519
1A82520
1A82521
1A95175
1A95243
1A82510
1A82511
1A98744

1A97095
1A98050
1A98051
1A98052
1A98053
1A98054
1A98055
1A96233
1A95631
1A96641
1B26717
1A67848

Component

‘Shaft, Environmental Control

Fitting, Environmental Control

Plate, Orifice, Environmental Control
Gasket, Environmental Control

Plate, Indicator, Environmental Control
Duct, Long, Purging System

Duct, Flanged, Purging System

Test Requirements, Flow Control, Duct Assy.
Duct Assy., Attitude Control Simulation
Indicator, Environmental Control

Duct, Upper Extension

Duct, Attitude Control Simulation
Valve, Butterfly Control Simulation

" Shaft, Attitude Control Simulation

Plate, Orifice, Attitude Control Simulation
Gasket, Attitude Control Simulation

Stiffener, Environmental Control

Duct Assy., Helium Bottle

Duct Flanged, Helium Bottle, Air Conditioning
Duct, Extension

Test Requirements, Duct Assy., Helium Bottle, Flow
Control

Eaffle, Umbilical Connector

Plate, End, Electronic Panel

Plate, End, Electronic Panel

Plate, End, Electronic Panel

Plate, End, Electronic Panel

Plate, End, Electronic Panel

Plate, End, Electronic Panel

Bolt, Skirt Aft Interstage

Plate, Center, Electronic Panel

Support, Tank

Plate, Support

Sequence Mounting Assy




Part Number

1B27293
1B27294
1A96999
1B26903
1B26904
1B27506
1B28722
1A96641
1B29716
1B31156
1B27981
1B27982
1B27983
1B27984
1B27986
1B27989
1B27990
1B27985
1A67967-1
1A72765-1
1A69481-1
1A68596~-1
1A68092-1
1A68130-1
1A68129-1
1A68225-1
1A68222~1
1A68997-1
1A68998-1
1A68468-1
1A69376-1
1A68129-1
1A69289-1
1A68226~1
1A68223~-1

Component

Plate, End, Electronic Panel

Plate, End, Electronic

Support, Accumulator, Reservoir Assy
Support, Accumulator, Reservoir Assy.

Plate, Adapter, Flex Hose Support

Plate, Adapter, Hydraulic Pump

Support, Hydraulic Lines

Support, Tank, Aft Interstage

Frame, Aft Skirt-Station 235, 375, Battleship
Frame, Aft Skirt - Station 235, 375, Battleship
Tube Assembly, Low, Pressure, Aux. Pump
Tube Assembly, High Pressure, Aux. Pump
Tube Assembly, Therm. Cond. Aux. Pump
Tube Assembly, Low Pressure Acc. Reservoir
Tube Assembly, Low Pressure, Actuators
Tube Assembly, Low Pressure, Pitch Actuator
Tube Assembly, High Pressure, Pitch Actuator
Tube Assembly, High Pressure, Acc. Reservoir
Support Installation Tank

Elect. Equip. Instl. Stage

Elect. Equip. Instl. LHo Tank

Support Instl., Point Level Transducer LHg Tank
Adapter Supt., Universal

Structure Assy, P.U. Probe

Fitting

Mount, Probe, Lower

Saddle Assy, Supt., Probe |

Adapter, Instrument and P. U. Probe

Adapter, Rough Mach., Instr. and P.U. Probe
Probe Instl., Instru. LH, Tank '
Supt., Temp. Sensor

Fitting

Support, Sensor

Clamp, Probe Supt.

Supt. Assy, Mtg Probe, Lower
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Part Number

1A68224~1

1A68382-1

1A69282-1
1A74134-1
1A74745-1
1A74673-1

. 1A74814-1"

1A74815-1

1A74813-1

1A74672-1
1A77079-1
1A77815-1
1A77814-1
1A77813-1
1A77816-1
1A78065-1
1A78066-1
1A67943-1
1A68826-1
1A68827~1
1A69160-1
1A67904-1
1A68700-1
1A83764-1
1A68942-1
1A67903-1
1A68699-1
1A98543-1
1A98593-1
1A95836-1
1A98594-1
1A95844-1
1A95846-1
1A95847~1

Component

- Supt. , ’Probe, Upper

Elect. Equip. Instl. LOX Tank

Supt. Instl. Probe LOX Tank

Supt. Assy, Probe Mass, Lower

Beam Assy, Probe Supt, LOX Tank

Retainer Pad, Supt., Lower Probe, LOX

Supt. Assy., LOX Probe #2

Supt. Assy., LOX Probe #3

Supt. Assy., LOX Probe #1

Pad, Supt. Lower, LOX Probe

Supt. Adjustment, LOX Tank

Retainer, Pad Supt., Upper LOX Probe

Pad, Supt., Upper LOX

Pad. Supt., Upper LOX

Retainer Supt. , Upper LOX Probe

Tube, Beam Supt.

Tube, Beam, Adj. Supt.

Supt. Instl. Point Level Trans. LOX Tank
Adapter, Point Level Feed Thru LOX Tank
Adapter, Rough Mach. Point Level Feed Thru I1.OX Tank
Probe Instl., P.U. LOX Tank

Adapter, P.U. Probe, LOX

Adapter, Rough Mach., P.U. Probe LOX, Tank
Transducer, Instl. Temp., Common Dome Tank
Probe Instl. , Instr., LOX Tank

Adapter, Instr. Probe, LOX Tank

Adapter, Rough Mach. Instr. Probe, LOX Tank
Wiring Harness

Wiring Harness

Wiring Harness

Wiring Harness

Wiring Harness

Wiring Harness

Wiring Harness




Part Number

1A68936~-1
1A74160-1
1A69064-1
1A74534-1

Vendor P/N 31120

1A74675-1
1A77118-1
1A74835-1
1A69035-1
1A86539-1
1A86540-1
1A86540-2
1A77843~1
1A89490-1

Vendor P/N SCS1000

1A88081-1
1A96230
1A96229
1A96228
1A96227
1A68760-1
1A82829-1
1A97073-1
1A87199-1

1A87741-501

1A87739-1
1A49423-1
1A82830-1
1A86886-1
1A87737~-1
1A93181-1

Vendor P/N 526542

1A93882-1
1A93882-2
1A93881

Component

Adapter Assembly (LOX)
Bellows Assembly (LOX)
Adapter Assembly (Fuel)
Bellows Assembly (Fuel)
Diffuser Assembly

Flange Assembly

Elbow Assembly

Adapter Assembly

Elbow Assembly

Arm

Support

Support

Bellows Assembly

Mount Internal Fuel

Annin Valve (Vernier Control)
Hose Assembly (For Vernier Control)
Fitting, Fuel Feed Strut Right
Fitting, Fuel Feed Strut Left
Fitting, Fuel Feed Strut Right
Fitting, Fuel Feed Strut Left
LOX Sump

Flange - LHg Pump Adapter
Duct Assy. - LHy Recirculation
Elbow Assembly

Duct Assy. LHz Tank Return
Duct Assy. LHg Panel Tank Return
Pump LO9 Recirculation
Flange - LOX Pump Adapter
Elbow LO2 Return

Duct Assy LOy Tank Return
Pipe Assy, LOX Dump, Port End
Butterfly Valve 6" NC

Beam, Bellows Support

Beam Bellows Support

Bracket Bellows Support




Part Nu—m_be_r : Component

Vendor P/N TempFlex Bellows (With SS Flanges Welded for LOX

10156-1 Vendor P/N

LF-060-150 Service)

1A88768-1 Harness, Helium Bottle

1A78064~1 Adapter, Cold Helium Bottle
1A68863-501 Manifold - Cold Helium Bottle

1A68863-1 Manifold - Cold Helium Bottle

1A87645-1 Connector, Manifold, Cold Helium Bottle
1A87989-1 Tube Assy. Cold Helium Bottle
1A82778~1 Arm Support

1A82777-1 Plate Assy

1A82663-1 Leak Detector - Riser, Cold Helium
1A83292-1 Flange Adapter, Hydrogen

1A83902-1 Diffuser Assy. Hydrogen

1A87184-1 Adapter, Oxygen Pressure Sensing
1A96470~1 Mount, Component, Helium Control
1A96471-1 Mount, Component, LO2 Tank Pressurization

Hose Assy, Metal Flexible, Prepress. Fuel Tank

A- 62




NOILVIN9IANOD (gl

JONVHO INIONZ | e

w@z_m_u NOILVING 11N
- SONRII4 A 1vS

mmz_a_n_ A3d SAS JoVig

81531 NOYIANT % QAH
A 1¥S Ol 1N3ANOD
ONI¥Id A3Q SAS dO¥d
' NMOA33VHS 23S 00!
'NMOQ3INVHS 23S 02

" ONIJId NOILISNVIL
LVINJYINTY ASYIATY

~ LVINOYIOIY QYVMIO0S
| @3319 Q¥VOSIA0

1831 ONDINYL

mmv,mmmwmvmommeNEonNvaNwﬁucmm.m_ LHoKGHyHENZHH0N G 8|L|9(S |V € 2!}

 M33IM 1831 WYIO0Yd

"NOILdI¥os3a

VYO0Yd MYOM Iva

!

W7 LW ANETIUDE

. o

APPENDI X F



' STATUS REPORT OF J-2 "START COMMITTEE™
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7.0 CONTINUOUS VENTING (SATURN V)

7.A. Vent Design

The present design for the Saurn 5 vent system includes propulsive continuous
vent ports and non-porpulsive blowdown vent ports. For a tank pressure of 21 psia,
and only the continuous vents system operating, the axial thrust is 6.7 pounds. Using
the same tank pressure, but adding the effect of the non-propulsive vent flow, the

thrust is 4.9 pounds.

The low axial thrust toward the end of fuel tank blowdown indicates the
desirability of obtaining some axial thrust irom the present non-propuisive vents by
canting the exits aft. The factors limiting the angle at which the vents can be
directed aft are the velocity increase restrictions applying to Saturn IB orbital coast
and Saturn 5 translunar coast. For Saturn 5 translunar coast, the vent angle can be
as large as 13.1° without exceeding 1 meter/sec. velocity increase due to fuel and
oxidizer venting. However, the velocity increase on Saturn IB due to LOX tank
blowdown alone is almost 1 meter per second. Thus, if the velocity change limitation
on Saturn IB is maintained, the blowdown vent system cannot directed aft. Figure 18
shows the additional thrust that can be obtained during fuel tank blowdown as a
function of vent angle. Figure 19 indicates the increase in velocity during the first
Saturn IB fuel and oxidizer tank ventings as a function of the fuel blowdown vent

angle.

7.B. Aft Skirt Weight Reduction

The resizing of the Saturn 5 APS modules has resulted in a weight reduction on

the aft skirt of approximately 25 pounds.

The primary sources for this reduction were the back~up intercoastals and
fittings. Modifications to the frames had a minor effect on the weight reduction.
The frame loads decreased due to the lighter APS module; however, the attachment at

the tank joint was eliminated resulting in a small net change.



7.C. Fuel Tank Vent Tolerances

, Figure shows the location and angularity tolerances of the non-propulsive and
- continuou's fuel tank vents. These tolerances, combined with orifice and vent duct
manufacturing. tolerances, were used to estimate the variation in thrust at each exit.
The thrust tolerance at each non-propulsive vent exit was estimated to be less than
*1.5% of the nominal balanced exit thrust., The tolerance on the continuous vents will
also be within this range. For the purpose of sizing the APS a thrust tolerance of
£10% for each vent exit was used.
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8.0 AUXILIARY PROPULSION SYSTEM (APS)

8.A.1 Weight

The Saturn IB configuration design and weight status is presented in Figure 21.

8.A.2 Test Program

"The status of the test program will be presented. Current information was

not available at thel printing deadline of this document.

8.A.,3 Service Requirements and Cleaning Procedures (SACTO)

The servicing and cleaning requirements are presented in Figures 22 and 23.

The following presents the procedures for securing and cleaning the APS:

8,A.3.1 Over-all Plan (See Figure 24)

a, Definitions

1. To "secure' is defined as ''to make safe for stand-by' (Propellant

systems empty, but not necessarily dry).

2. To "clean' is defined as complete removal of all liquids and their

vapors to a predetermined measurable level,
b. When "securing" (Safe) is required.

1. Whenever there is a launching abort producing a delay long enough
to result in personnel approaching the APS, but the time to re-use
of the APS is less than 30 days.

c. When "cleaning" is required
1. After a "hot'" acceptance test firing.

2. Whenever time to re-use of the APS exceeds 30 days but does not
exceed 90 days.,

3. When the APS must be prepared for indefinite storage or shipment.
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S-IVB/SATURN IB APS MODULE CLEANING
FLOW DIAGRAM

> Maintenance, »
Manufacturing or
Production Check=-out

Rejected
(SACTO)
Cleaning Method '"B"
Acceptance with Method '"C" .
Test Firing back-up (over 90 days
to re-use)
Accepted
Storage
Rejected Preflight
< Check-out
Accepted
Cleaning Method "A"

Vehicle on Abort (30 days Max.

Launch Pad to re-use)

Expired Time
Cleaning Method 'B"
. (90 days Max.,

Flight to re-use without N
Method '"C" Accepted
back-up)

Rejected
FIGURE 24
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d.

Purpose of each of the Methods (Procedures)

1.

2,

3.

Method "A" ("'Secure" for stand-by, AMB GN, Purge)

a, To make the APS sufficiently inert and safe for stand~by, not to
exceed 30 days.

b. To make it safe to remove the APS from the vehicle if removal

is necessary.,
Method '"B" (Maximum cleanliness throughhot nitrogen purging only).

a, To make the APS suifficiently inert and safe for stand-by and
re-use for indefinite periods.

b. To make the APS sufficiently safe for disassembly without use of

elaborate protective equipment for personnel,
c. To make the APS safe for shipment.

d. To form a portion of cleaning Method "'C", if Method "C" is
required.

Cleaning Method ""C'" (Freon MF flush, hot nitrogen purge).

a. To provide a back-up cleaning method to be used if Method 'B"
is not adequate for periods in excess of 90 days.

8.A.3.2 Brief Description of Cleaning Methods

Qe

b,

"Secure' for stand-by (Method ""A")

1.
2,
3.
4,

5.

Off-load high pressure helium.

Off-load oxidizer.

Off -load fuel.

Purge each propellant system with ambient nitrogen for 15 minutes,

Pressurize the propellant systems and the ullage volumes to provide
a safe blanket storage pressure,

Maximum Cleanliness (Method 'B"")

1.

2,

Off~load high pressure helium,

Off-load oxidizer.



Co

3., Off-load fuel.,

4. Purge each propellant system with hot nitrogen (160°F) until the
outflowing gas sample shows less than 50 ppm.

5. Pressurize the prcpellant systems and the ullage volumes to provide

a safe blanket storage pressure,

6. After 30 days and at 60 days, repeat gas sampling to determine
propellant concentration and repurge if necessary. At 90 days,
if repurging is required, perform back-up Method "C'',

Maximum Cleanliness back-up using Freon MF flush and hot GN, purge
(Method "C')

1. Load and off-load each propellant system with Freon MF.

2. Purge each propellant system with hot nitrogen as in Method "B",
above, until gas samples indicate propellant and Freon MF

concentrations are less than 50 ppm,

3. Return the systems to the "storage'" condition noted above.

8.A.4 APS Propellant Measurement Requirements

8.A.4.1 Loading Accuracy Based on Full Load

a.
b.
C.

de.

e,

f.

Micro switch actuation TOL, approx. #0.1% (requirement 9,760 +,010)
Electrical transmission (hardwired), neglect
Hardware TOL, approx. +0,2%

Flow rate variations (1/2 GPM) and valve closing response variations

(20 millisecs), approx. *0,025%
Total TOL = %0, 33% of full load

Requirement = +0,5% of full load

8.A.4.2 Propellant Measurement

The MRD which requests the measurement called for a +3% accurécy. The
sensor is an extensiometer, DAC P/N 1A74488, which calls for a linearity of +0,5%.
A signal is transmitted via the S-IVB telemetry system to the ground and is not made




available to the astronaut. No signal conditioning is required, The signal is
sampled at 12 samples per second on PAM and 4 samples per second on PCM, With
these sampling rates the +3% accuracy can be met.

8.A.,5 Environmental Control Provisions

8.A.5,1 Design

The design environmental control provisions are presented in Figure 25,

8.A.5.2 Analysis

The analytical environmental control provisions are presented in Figure 26.

0

General Discussion

The thermal analysis of the Auxiliary Propulsion System depends on the
thermal characteristics of the design and on engine firing sequence
assumptions, These factors have been studied in considerable detail

for a number of configurations with the objective of determining the

least complex system which will provide non-freezing of the propellants
for the duration of the mission., This objective, however, will probably
not be attained until information is available on minimum required engine
firing sequences. Theoretically, the possibility that one of the two
modules will never pulse can be shown to exist (assuming no maneuvering
or venting). However, it is very unlikely that this will occur and studies
are in progress in an effort to define realistic minimum pulsing rates.
Further information is required, particularly in the area of mission
definition, to assist in these studies. Commanded pulsing of the APS
engines offers a seemingly simple solution to the problem of obtaining
desired minimum oxidizer flow should studies in progress indicate that
the possibility of insufficient oxidizer flow (for any given thermal design)
exists for realistic mission conditions, provided sufficient propellants

are available,.

Due to the lack of information concerning realistic minimum engine firing
sequences, the system initially must be designed on the conservative
assumption that no firing occurs. The study actually includes assumed
engine pulse rates for comparative purposes, but the potential advantage
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is not used for design. It is, therefore, requested that DAC be furnished
as soon as possible with the information required to determine APS engine
minimum pulsing rates. The design will of necessity proceed, however,
as discussed above. The analysis is made to determine how long the APS
propellants will remain unfrozen in orbit for the initial system design and
to determine the modifications required to assume satisfactory thermal
performance for the full 4-1/2 hour coast mission. The modifications
include the use of fiberglas spacers to reduce contact conductions, teflon
clips, and fiberglas intercoastals for clip attachment points. Internal

and external surface emissivity control with paint and high performance

insulation are also considered.

The freezing temperature of the oxidizer (N20 4) is 12°F and that of the
fuel (MMH) is -65°F and this analysis, therefore, centers around the
thermal protection of the oxidizer system. Any thermal protection system
found satisfactory for the oxidizer will be adequate for the fuel. The
environment that a given area of propellant tank or a given section of
propellant line is subjected to is strongly dependent on the launch time and
date. This presentation considers only that launch time and date which is
the most severe, thermally, for the oxidizer system (i.e., summer
midnight). The study considers the propellant in the lines and tanks
separately because of the difference in geometry and heat transfer

characteristics., L.

The propellant tanks are mounted on fiberglas supporting brackets on each
end which in turn are attached to the aluminum bulkheads located in the
same vicinity, Heat conduction takes place between the propellant tanks
and the pod fairing structure through this bracket-bulkhead connection and
radiation heat transfer takes place between the fairing structure and the
pod interior,

The lines, which run from the propellant tanks to the propellant control
modules and from there to the engines, are supported by metal clips with
teflon sleeves to reduce the metal-to-metal contact, The clip attachment
locations establish the thermal environment to which the line in the
vicinity of the clip attach point will be subjected. For example, the

pod fairing structure in a given area can have an average orbital




b.

temperature of -50°F or lower depending on the paint configuration used,
Hence, a clip attached to the fairing in this area may cause freezing of
the oxidizer.

An internal fairing surface emissivity of 0.22 was assumed for all
configurations. This is possible through paint control or surface treatment.
In those configurations where high performance insulation is utilized
(attached either directly on the tanks and lines or inside the fairing
structure), it is assumed that the high performance insulation properties
are degraded sufficiently in the region of the supporting structures as to

be ineffective (i.e., the insulation is assumed to be installed between the
support and the associated component or fairing which compresses it
sufficiently so that the high performance qualities are lost).

The forward line support requires special consideration with regard to
external paint or surface conditions, This support is in the region of
externally applied ablating material whose surface properties approximate
those of the black paint. (@ = 0,94, € = 0,84), A fiberglas intercostal
for mounting the teflon line clip will probably be required for this area to
provide satisfactory insulation,

Results

(1) Propellant Tanks

It was conservatively assumed in the tank analysis that the propellant
does not provide bulk heat storage capacity. The tanks were considered
both with and without high performance insulation wrapped around

them, The results show that there is negligible propellant temperature
change when high performance insulation is used. The temperature

remains above freezing in both cases, however,

(2) Propellant Lines

Fig'uie shows that the metal clip with teflon sleeves design is
unsatisfactory for a range of engine pulse rates, Neither the use of
high performance insulation on the lines nor aluminum silicone paint
on the pod exterior provides a satisfactory modification,

A-179



Figure 28 presents the results by adding to the above design a thin
(0.1 inch) insulating spacer at the clip mounting. The performance
is slightly improved, but remains unsatisfactory unless firing rates

are considered,

Figure 29 presents the results for a thick (1. 0 inch) insulating spacer
at the clip mounting, The performance is improved, but remains

unsatisfactory for the non-firing condition,

Figure 30 indicates that use of a teflon clip (100% contact area) and
aluminum silicone paint on the pod exterior provides satisfactory
performance independent of flow conditions,

Figure 31 indicates that a 25% contact area teflon clip is somewhat
improved in performance over the 100% contact clip for black paint

on the fairing exterior.

Figure 32 shows the results for the most complex of the configurations
analyzed (and is associated with the forward support). The system is
satisfactory with very low line emissivity control (€ = 0,05). It is
anticipated that 1) teflon clips, with partial contact area will be
utilized in the support design; 2) aluminum silicone paint will be

used on the fairing exterior.

A-
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ADDEFDUM TO SECTION 8 8-2k -6k

AUYTT.IARY PROPULSION SYSTEM

SUBJECT: “.?.EICALIO’? STATUS #1 TCST MDDULE (GAMMA PHASE II) SATLIRR IB AUXILIARY

I.II-ﬂ

viz
e o
%

Arrenpix T

- P"WJLSJ.GR SYSIEH.

STRUCTIRE -
" Gompleted, except minor vework still required for additional access
)rwisions.
"'L“I:CASS“’S‘._ S o
‘neady to weld metal bellovs into teuk esseubly September 7, 196h.
CO"”""”-ZOL k;)}}ULES .
i " - "
‘Propellant Controlled. Quad. Valve
Lo Pressure Helium t ALl expected in the week eunding
Beliua F111 . August 30, 19%%. )
" "Helium Comtrol | ‘ P
" - } ‘
WEF‘ WSES
- ‘Daevelcped;, except for Instrumeotation. '
WELDED ;;m’gs - (P‘ZOPE TAYT AND PRESSURIZATION)
_ Weld Fixtuwres Coupleted
g .Lir.es $0 be completed Septcmber T, 1964,
I
. ENGINES - - o
. "Sent back to TRW « (Cleveland) for recleaning. Expected Aug\ist 28, 196k.
PRODUCTICH TEST FQUIPMENT

In Progress.
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'SATURN V

VALVE POSITION SENSOR

REQUIREMENTS SUMMARY
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SATURN V
VALVE POSITION SENSOR SWITCH SUMMARY

NUMBER OF
VALVES WITH NUMBER OF SWITCHES
POSITION * COMPONENT
_ SENSORS OPERATIONAL| ANALYSIS TOTAL
1vu 2 2 1 3
S-1VB
N _ 9 32 0. 32
i \
\
I .
f 1.2 (D 3 8 1 ’
S-11
' )
. 35 37 4 41
l-
I ' 45 40 ‘s 45
! J=2 (5) | . \ ey
S ’
- s-1C 38 67 8 75
i
I \
. |
A \ L ’ p
[ F1 (s 35 40 0 40
~  —--—=-  GRAND TOTALS 173 226 19 245

* OPERATIONAL: Used for sequence, remote chgckout, or safety.




-l’: . . S°IC STAGE ~ .~

. '
N . e Cy L L
! ' ,
; _
8

{ VALVE NONEMCLATUREv i

NUMBER OF

-

VALVES

SWITCHES

INDICATION

PROVIDED

SIGNAL USE

OPEN

CLOSED

-AL

OPERATION ANALYSIS

COMPONEN

Fuel Emergency Drain (Removed for Flight

Lox Emergency DraiA (Removed ior ?light)

Fuel Pre~Va1ve f.fJ' ?';”;‘QJQE;~?;'
LOX Pre-Valve : - o

Fubl mn and’ Drain: T
Lo, Fill and Dratn || : VR

I
LOX‘Interconnect 'i

" Fuel Vent and Re11e£ ‘e‘;;f},flf

' Fuel Vent (Removed for Flight) R
i CEF
| LOX Vent and, Reldpf | -l " i A
" 'LOX Vent ;;‘f¥e£ }éjii]i'ﬁ'
Fhel Tenk Pressutiietidﬁffﬁi i.
Hellum Emergency.Dump‘ ) i“l _
' GOX Flow Conttol ';"}‘ | : L
O -
Hellum F111 Shut*Off'\: if;i}w?? ' :

i - A oo Cae
‘ . o e

Hypergol Manifold * .+ <= 1'%
. G' ‘G- Ball . , ;,': '..
Main LOX e

Main Fuel | SRR A
Checkout Valve ** - L :~j:e
. i

* Loaded Foo e

ok Eng;ne‘Position and Ground Position.

L4

':'f“‘vt'v.' v
i ?

-

10

N IPER VALVE

N

X
]
Y
X

X

P
Py
2o
Al
{
:
d

i

.
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S-11 STAGE

.VALVE| NOMENCLATURE - - - woerc coc o

N . .o
.. o ¢
! .

NUMBER OF

VALVES

SWITCHES

INDICATION

PROV IDED

SIGNAL
USE

OPEN

CLOSED

OngéTION

COMPONENT
ANALYSIS

"’ LoX

;—'Main Fuel-""

: LOX Turbine'BnyaSQ”i!

"LOX Valve'SequenceﬁCAptrol-:luf'

Tank Vehé . ;; .‘;'I " N

' Tank Vent | |
Tank Pressur1zatihn Rééulator
Tank Pressuriz&tiqn Regdlator )
Tank Fill ' . ' 1:f:i1f‘,,;' :,»i :
vﬂTank'fili ?f_;;hz;féfit_lixﬁ
Pre-Valve L | |
;Pre-Valvé'

Recirculation Shut-off (Return &
Bleed)

Rec;rcul tion Shut-off (By Pass,
Return & Purge)

Main Lox ‘ LR

GG Control i:f. R L -f:“ ;

* Fuel Bleed

LoX Bleed L P

%

, ‘ASTLOX . ]

. " l ',.,f:"\

ot
H [P

 start Taék-biscﬂargé . ;1;‘;i’f~.--

S RN | . N .. L
Pt U B
+ v
R
L ‘
M v
i

« . Lt - . .
I3 X . A

N

N

N |PER VALVE

X

X

r oy

i .
£
X

N

X

X

“ooxR X XX

b e

]




S-1IVB STAGE -

\,mws NOMENCLATURE i 'i

NUMBER OF

INDICATION

PROV IDED

SIGNAL
USE

OPEN

VALVES
SWITCHES
PER VALVE

CLOSED (

PERATIONAL COM.
ANALYSIS

>

1

FUEL FILL AND DRAIN 1.: I e

LOX FILL AND DRAIN ‘ 5‘;""i |
'Fuel Pre-Valve '7‘“ﬂ)‘;“iaii:;;<fjf

LOX Pre Valve ey
| Fuel Tank Vent & Relief'

Oxidizer Tank Vent and Relief BRI

Dzrectxonal Control (SAT V only)v,:*'f

Fuel Chxlldown Bystem Shut-off

- Oxldxzer Chzlldown System Shut qff.f

U .
. O

Continuous Vent Valve,[,

" G G Control
Fuelthleed-J; h-"'Upﬂls;-”“?4,'& o

- LOX Bléed ‘j "f'i R S

- LOX: Turbxne By Pass cfaj V%;:f;”gffh; -

asTrox - R VR B

) : S

: A B
LOX Valve-Sequence Control . ;.i':" "

e y
Lo : R E
_StarﬁlTank Discharge ., -~ - ci: .00 4

% Ground Discharge and Flight Discharge

-
e
3

—
&
=

K
b
\‘\. x .

.‘,,-' X

[
5




e INSTRUMENT UNIT COOLING SYSTEM

R-P&VE-PMP

- .. -

~ e

| oo
>l o> Indication :
83 | 6% |___Provided Signal Use
Valve Nomenclature -§> ue Operat-] Component
| 28 | & igk Open | Closed |ional':’ Analysis|
3-way by-pass ¥ 1 1 X X ‘ X
Water Shut-off - 1 2 x: X X
)
[N
* No by-pass, any intermediate position.
or full by-pass position
1
=1



VALVE POSITION SENSOR SWITCH

MANUFACTURER'S ) T
a. SNAP ACTION ‘ NUMBER
TEXAS INSTRUMENTS (KLIXON) 60
MINNEAPOLIS-HONEYWELL (MICRO) . 55
b. KNIFE BLADE
TELEDYNE PRECISION INSTRUMENTS . 14
BOURNS ‘LABORATORIES INC. : 20
~ HAYDON SWITCH COMPANY - . 2
* BECKMAN INCORPORATED . 70
¢. QOTHER. E
ROCKETDYNE . S 24
TOTAL 2bs

ACTUATING MECHANISMS
caM | b oo
DISPLACEMENT ROD (ROTARY & LINEAR) ’
RIGID COUBLING (ROTARY & LINEAR)

]




8.A.5.3 SAT-IB/S-IVB A.P.S. Environmental Control

The SAT-IB/S-1VB A.P.S. uses nitrogen tetroxide (N2Oy) for an oxidizer and
monomethyl hydrazine (MMH) for fuel. For environmental control DAC is using the
temperature limits of 20°F to 120°F for the complete system to prevent freezing or
boiling of these propellants.

A passive conditioning system has been selected for the orbital coast period;
however, to make this system work, the A.P.S. must be stabilized at 80°F at
launch. Because of this high minimum temperature, the A, P.S. has become the
most temperature-critical item of the ait skirt and interstage thermoconditioning
system, Therefore, the thermistors controlling the temperature of the air or GNo
at the umbilical inlet are located in the gas exhaust stream of the A. P.S. Presently,
the thermistor consists of four individual probes wired in series. Each A. P.S.
exhaust has two of these probes which results in an averaged temperature between
the A. P.S. modules. DAC has requested this temperature control point be set
at 87°F = 5°F,

A maximum of 2000 Ib/hr of gas flows to each A.P.S. This large amount of
gas was selected so that the temperature drop from the A.P.S. inlet to the A.P.S.
exhaust would be approximately 10°F for extreme ambient conditions. This low AT
is required because it is related directly to the gas temperature at the umbilical
inlet. A reasonably low inlet temperature is desirable because of those components

in the aft skirt area which expend heat.

The flow distribution through the A.P.S. is controlled by a series of constant.
area orifices. The gas is forced through an orifice in the main manifold into a duct
formed by two stringers on the outside of the aft skirt, the A.P.S. skin and the aft
skirt skin, and thence into the A, P.S. A series of orifices around the fuel and
oxidizer tanks serves as a distribution manifold to cause an even flow through the
A.P.S. and also serves as the principal pressure drop control. The gas flows from

the nose of the A, P.S. aft and back into the aft skirt area below the main manifold.

Passive control of the propellants during orbital coast will be discussed at the
September meeting of the Dynamics and Control Working Group at Huntsville.



8,B Saturn V Auxiliary Propulsion System

The S-V APS system is presented in Figures 34, 35, 36, 37 and 38.

8.C APS Static Firing Philosophy

The APS static firing philosophy is presented in Figures 39 and 40,

A— 89
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9.0 PROPELLANT TANK DESIGN AND PRESSURIZATION

9.A.1 Waffle Dimensions

Waffle dimensions and LHy tank forward dome and cylinder skin thicknesses
for the Saturn S~-IVB common tank are shown on Figure 43. All skin thicknesses
shown are based on 39 psia max. LHs pressure and 44 psia max. LOg pressure for
the IB stage only. The LHg tank cylinder waffle rib thickness is established by

Saturn V buckling requirements for the ground wind condition.

9.A.2 Valves, Vents, Plumbing Changes, and Pressure Switch Settings

There are no plumbing changes.

The vent and relief valves, and the backup relief valves are being changed as
indicated in ‘Table I

The pressure switch settings are shown in Table II.

TABLE I
LH2 VENT VALVE & VENT & RELIEF VALVE SETTINGS
LH2 LH2
Vent & Relief Backup Relief
S-1B, 201-203 39-42 40-43
S-IB, 204 & Subs 36~39 37-40
SV 34-37 35-38

9.A.3 Screens (Including Pressure Drop Tests to Date)

Pressure drops in the LOX anti-vortex screen and feed duct entrance have
been reanalyzed with the result that the estimated total pressure drop at maximum
LOX flow has been reduced from 2.0 psi to 0.9 psi.
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A search is currently in progress for information related to pressure drop
tests run on the Thor anti-vortex screen. (The Thor and S-IV-B screens are

practically identical and the flow rates are about the same.)

9.A.4 Weight Reduction Justification

During the VMDIWG Splinter meeting at DAC in June 1964 to establish S-IVB
pressure schedules, proposed estimated weight reductions were presented by DAC
for S-IVB for non-common tanks, After reviewing the weight data, MSFC
directed that structural changes be limited to the LHy tank cylinder and forward dome.

The common tank design was predicated on the Saturn IB 39 psia pressure
requirement establishing the skin thicknesses and the Saturn V ground wind require-
ments, which greatly exceed the Saturn IB ground wind requirements, establishing
the waffle rib thicknesses, Therefore, the 175 pound weight reduction for the

cylinder and forward dome is less for the common tank than for separate tanks.

9.A.5 Saturn V Fuel Tank Redesign

Lowering of the Saturn V fuel tank redesign pressure from 39 to 37.4 psia
necessitated dropping the restart blowdown pressure 2 psi. This resulted in a
boiloff increase of approximately 200 pounds. However, due to a lower second burn

control band the gas residuals at cutoff would be reduced by 42 pounds,

Continuous Venting - Lox Boiloff. The amount of lox loaded for orbital boiloff

will not change significantly for continuous venting. The total loaded will be about
475 Ib. (including 100 Ib. for boiloff during chilldown). Of this, about 155 lb. will be

vented during coast.
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9.B.1 Maximum Pump Inlet Pressures for Static Testing

There is no danger of exceeding the fuel pump maximum allowable pump inlet
pressure during static firing. The highest fuel pump inlet pressure that could be seen
during the start transient under present operating conditions is 38 psia, while the
maximum allowable pressure is 42 psia.

The LOX pump inlet pressure during the start transient could exceed the
maximum allowable in the Saturn 5 configuration and is marginal in the Saturn IB
configuration:

Saturn IB Saturn 5
Maximum prepressurization ullage pressure 40.0 41.0
Head of LOX above engine interface (psi) 7.8 8.0
Maximum LOX pump inlet pressure at start 47.8 49.0
Maximum allowable pressure 48 48

Since the LOX ullage pressures required at start are about three psi below the
maximum prepressurization pressures for both configurations, it may be possible to
avoid excessive pump inlet pressures by means of observer-controlled cycling of the
LOX vent valve, This procedure, however, would require exclusion of the LOX

ullage minimum-liftoff pressure signal from the countdown logic.

Since meeting the maximum pump inlet requirements will involve both pro-
cedural and hardware changes, it is recommended that the requirements be reviewed

to determine if a two psi increase in maximum allowable pressure is possible.

9.B.2 Saturn 5 Fuel Tank Pressure

The Saturn 5 fuel tank pressure is currently controlled at a lower pressure
during first burn that second burn due to pressurant weight considerations. Assuming
the tank is prepressurized to 33 psia, it would require approximately 20 pounds of

additional GHy pressurant to operate at 31-34 rather than 28-31 psia.
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9.B.3 Fuel Tank Prepressurization Levels

The fuel tank prepressurization levels are dictated by the engine start
transient rather than steady state requirements. As the curves in figures 44 and 45
indicate, a minimum prepressurization level of 33 psia will be sufficient to meet
NPSH minimum and pump inlet pressure requirements during the start transients
of Saturn IB and first burn of Saturn V. The curve in figure 46 shows the ullage
pressure required for the Saturn V second burn start transient. Repressurization
to the upper half of the second burn control band will meet this requirement.

9.B.4 Saturn IB and V Tank Pressure Schedules

The tank pressure schedules are shown in Figures 47 and 48.

9.B.5 SaturnV LH2 Limit Pressure

The common tank structure when flown in the Saturn V configuration will be
subjected to greater trajectory heating and higher first stage burning accelerations

than when flown as a Saturn IB. The effects of heating and acceleration permit only

37.4 psia maximum pressure within the LH, tank as shown by the equation below:

1B ~
Pmax + load factor (Phead) Pmax + load factor (Phead)
FTU (at temp) ) FTU (at temp)
39 + 4,17 (.9) - 37.4 + 4.72 (.9)
66, 000 (at 115°F) 64,500 (at 160°F)
.65 = .65

The redesign of the Saturn V fuel tank from 42 to approximately 37 psia has
resulted in lower mission heat input, With the continuous vent system configuration
the maximum heat input is 735,500 Btu. This is 28,500 Btu lower than the value used
for the initial continuous venting studies. However, only 5000 Btu's of the reduction
are due to the thinner tank wall with the balance attributed to refined heat input .
estimates. The maximum boiloff, based on 735,500 Btu, is 3030 pounds.
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10.0 PROPULSION SYSTEM PERFORMANCE

10. A Propulsion System Performance "IN-RUN" Mixture Ratio

The curve on page 1.2.2 (figures 49and 50) of the handout from the J-2 engine/S-11
and S-IVB stage interface meeting June 23-24, 1964 indicates the J-2 engine operating
at a mixture ratio slightly lower than the nominal 5.0/1.0. This is attributed to fuel
turbine wear-in and implies that the fuel flow rate is slightly greater than nominal,
This indicates both a slightly higher thrust and specific impulse, and consequently
a slight increase in open loop engine performance. However, there would be a slight

increase in open loop residuals.

In a closed loop engine operation the P. U. valve will compensate for this slight

change in mixture ratio.

Preliminary indications are that the "in-run" mixture ratio shift will not have ‘
any impact on the stage performance. However, if a complete analysis is desired,
more detailed information is needed from Rocketdyne pertaining to thrust specific
impulse and propellant flow rate as a function of the "in-run'" mixture ratio shift

phenomenon.

10.B Maximum J-2 Thrust Calculations :

The total maximum thrust is based on the 200, 000 LB nominal value. The
effects of off-nominal pump inlet conditions, pressurization, calibration, and P. U.
excursion effects are also taken into consideration. For a total thrust of 246,640 LB.
the ultimate strength of the thrust structure and casting is 247,000 LB. The casting
has been tested to 150% over the ultimate value. The thrust structure has not been

statically tested yet.
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10. C Propellant Mixture Ratio Study

Phase I of the PMR study is nearly complete. Phase I considers loading the
Saturn IB/S-IVB stage propellant tanks to a LOX-rich condition (a mass ratio greater
than 5 to 1) and utilizing the propellant utilization (PU) system's design capability to
correct this unbalance during the initial portion of powered flight. When the mass
ratio has reached 5 to 1 the P. U. valve returns to a nominal 5 to 1 operating condition
for the remainder of the S-IVB flight.

From Phase I analysis cutback times, propellant loads, gross payload gains,
etc., were determined for several different initial mixture ratios greater than 5 to 1.
Although operating at an initial high EMR will produce considerable gross payload
gains, the optimum initial EMR can not be established until the propellant residuals
are determined. The propellant residuals and the performance of the J-2 engine for

a simulated flight of the S-IVB under Phase I conditions is in process.

An analysis of Phase II is in the early stages and no conclusions have yet been
obtained. Phase II states that the Saturn IB/S-IVB will operate at an initial high EMR
greater than 5 to 1) and then cut back to a low EMR (less than 5 to 1) in order to

obtain maximum payload gains.

The Saturn V/S-IVB PMR study is also in the early stages and no definite
conclusions as to the optimum EMR history for operation have been resolved. From
preliminary calculations it has been determined that the entire Saturn V/S-IVB
powered flight will have to operate at an EMR less than 5 to 1 in order to obtain a

maximum payload gain.

10.D Thrust Chamber Chilldown at Restart /

The current J-2 engine restart sequence allows 1/2 second for GH, thrust
chamber chill plus an additional 1/2 second of chill if required. At the end of the one
second period, an over-ride signal is given by the I. U. to allow the engine start
sequence to continue even though a temperature signal indicating chill completion is
lacking. This method of chilldown should allow the thrust chamber to reach the
required -100°F to -200°F band from starting temperatures in the range of +42°F to
~160°F. The possibility of a 1/2 second variation in ignition time does not create
launch window problems since sufficient propellant reserves are available for the

required trajectory corrections,
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11.0 PROPULSION MISCELLANEOUS (SATURN IB/V)

11.A Status of Valve Position Sensors

This effort is in response to Memorandum R-P&VE-PM~64-M~-386 from NASA
Propulsion Division requesting copies of certain documents to substantiate purchase,
qualification test, and acceptance test specifications on valves with position sensor
switches.

The purpose of this request is to enable NASA to review these specifications

and qualifications to circumvent recurrence of valve position sensor malfunctions.

At this time about half of the specified documents or the equivalent have been
obtained. It is estimated that the remaining documents will be obtained and a letter
of transmittal written by September 1st.

11.B Status of Documentation on Cross Sectional Drawings

A list of those components with cross sectional drawings is now available to
MSFC through DAC vendor files.
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11.C Results of Study and Testing of S-IV Helium Heater

The following represents the results of the study to determine the adaptability
of the S~IV helium heater to the S~IVB stage.

11.C,1 S-IVB Cryogenic APS Design Study (See Figures 51, 52, and 53)

Cold helium heated in the helium heater coils is used to repressurize the
hydrogen tank and the oxygen tanks. Also, cold helium can be diverted to the skirt
nozzles for override attitude control during orbit. Hydrogen gas is bled from the
engine to the skirt nozzles to provide roll control during power flight. Residual
cold helium from the helium spheres is bled through the skirt nozzles to provide
attitude control during translunar coast,

Attitude control during orbit is provided by diverting helium heater combustion
products through valves and nozzles as required. Propellants for use in the
cryogenic APS are provided from the hydrogen tank and the LOX tank through vacuum
jacketed lines.

External views of the cryogenic APS are shown on Figure 54. Essentially,
this is an S-IV helium heater with a modified aft section to install three attitude
control nozzles and three ullage nozzles.

An internal diagram of the cryogenic APS heater is shown on Figure 55.
Propellants from the tanks are vaporized in the regenerative coils and injected as
gases. The cold helium is heated in a separate set of coils to pressurize the
hydrogen tank and to provide override attitude control during orbit,

There are three attitude control nozzles with valves, and three ullage control
nozzles (2 with valves) directed aft. When attitude control is required, an ullage
control nozzle is cycled to maintain a constant combustion exit area, and therefore,
a constant chamber pressure, This minimizes perturbations to the combustion
process. For example; when a pitch command is required the pitch valve opens
and one ullage valve (valve #7) closes, When a yaw or roll command is required,
the appropriate valve opens and the other ullage valve (valve #5) closes. Simul-
taneous pitch and yaw or pitch and roll is also possible.
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A possible layout for the attitude control system is shown in Figures 56, 57, and 58. ‘

The cold gas nozzles are mounted on the skirt and are protected by a fairing. The
cryogenic APS units are mounted on the thrust structure near the attached point of
the thrust structure and the aft LOX dome. Vacuum jacketed lines from the hydrogen
tank and from the LOX tank provide propellants. S-IV type propellant valves are
installed,

In Figure 59 heated hydrogen could be used to repressurize the fuel tank resulting
in additional weight saving. Initial repressurization would be performed with helium
to give the small ullage pressure rise needed for operation of the fuel chilldown
pump. Liquid hydrogen is bled from the LHg chilldown pumps during recirculation
and plumbed to the helium heater where the hydrogen would be vaporized and
heated. This heated hydrogen would be routed to the fuel tank ullage to complete the
repressurization function, Preliminary analysis indicates that a payload gain of
approximately 160 Ibs. over heated helium repressurization could be realized,

Figure 60 shows an alternative method of diverting the warm gas flow, The
warm gas valves are omitted. Three nozzles face aft; two of these nozzles are
connected to the helium heater by flex hoses. When an attitude control command is ‘
required a pneumatic or electrical actuator positions the nozzles 90° from aft.
This scheme eliminates hot gas valves and requires only development of flex hoses
and sample actuators,

11.C.2 Cryogenic Auxiliary Propulsion System Feasibility Testing Program

The "Cryogenic APS Feasibility Program" successfully demonstrated the
operation of a prototype unit. The modified S-IV helium heater operated with
excellent combustion stability and pulsing capability. Two tests involving various
sequences of the attitude control valves were conducted at propellant feed pressures
controlling the combustion temperature to approximately 1400°F, which is the
theoretical temperature at the predicted S-IVB cryogenic APS operating conditions,

Although the test plan, which defined the heater operational sequence, was not
completed, the primary objective of establishing the dynamic response and
adaptability of this heater to accept pulsing operation was fully accomplished. Pulse
lengths varied from 2 sec. to 60 sec., and the two valves were cycled both independently
and simultaneously. '
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The 'ball" valves employed were of an unproven design obtained on the basis
of the earliest possible delivery in this size range, (i.e., 3/4'" diameter valve).
Although the valve action was erratic during certain portions of the test, there is
no question that hot-gas valves operating in this temperature range (1200°F nominal)
can be developed. In addition, other methods are available such as mechanically
controlled hot-gas ducts which achieve the same results and may provide the
additional operational flexibility of differential thrust vector control.
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11.D Status and Problem Areas of Overfill and Engine Cutoff Sensors .

On S-IV we have experienced problems with the overfill and instrumentation
Point Level Sensors., The problems have heen traced to: 1) faulty electrical
instaHation, (cables and connectors cause cross talk, mutual cap, grd loops);

2) inadequate adjustment procedures, which resulted in either oversensitive or

inadequate sensitivity for proper operation.

Electrical installations have been corrected on S-IV-7 and subs for the overfill
sensors. The rework eliminated a ground loop problem and a source of stray
capacitance caused by the absence of shielding on either signal lead passing through

a conventional connector.

The checkout and adjustment procedures were revised from adjusting the trim
pot to a certain number of turns to adjusting the trim pot as necessary to establish

the proper AC required for proper operation.

Proper operation of the LII, overfill sensor was achieved on S-IV-9 during

Cryogenic Weight tests using present hardware, revised procedures, and reworked

installations. ‘

A special test was instrumented for the LH, overfill sensor for S-IV-9
Acceptance Tiring test, An automatic capacitance measuring bridge was substituted

for the control unit, The bridge output was monitored on a strip chart recorder.

The purpose of the test was to verifly that LII, did reach the point level sensor

prior to venting liquid overboard.

During loading, and over the 100% point on the mass probe, the bridge output
indicated a 100% AC change on the point level sensor, At that time the vent valves
were closed and the bridge indication reverted back to a dry sensor indication.
Loading was continued and the bridge indication again changed to a wet sensor. The

vent valves were opened but the sensor wet indication persisted.
Ilot firing was initiated and a dry sensor indication was obtained after the
liquid level dropped below the sensor position.

On S-1VB the wiring installation is correct for all sensors and the control

unit design has been improved,
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11.FE RKD Requirements for Moisture Content of Ilelium

Questions are raised about contaminants in the helium used at Sacramento
and about the need to remove those impurities at the Beta Complex. A hrief study
indicates that the problem centers around the water vapor content in the helium.
Sacramento uses Bureau of Mines' Grade-A helium which can have a moisture
content of up to about 26 ppm by volume. Rocketdyne, however, has specified in
their J-2 Engine Manual that the moisture content must not exceed about 7 ppm.

Rocketdyne's requirement thus concerns the helium supplied to the engine
control sphere and to the seal cavities. As it stands now, the helium flow to the
control sphere may meet this requirement. The flow is routed through the precooler,
which should reduce the moisture concentration to less than 1 ppm. Moisture pick=-up
in the plumbing downstream of the precooler up to the interface could raise the
concentration again above Rocketdyne's limit. The Bureau of Mines, using extreme
means of helium purification and container cleaning, is apparently not able to keep
the moigture content consistently below 10 ppm. Therefore, tests can only determine
whether the flow to the control sphere can meet with Rocketdyne's requirements,

The ambient helium flow to the seal cavities is not purified according to the
present plan. The intention behind Rocketdyne's specification in this case is not
clear, The flow to the cavities is supposed to purge the moisture that has collected
there. The higher moisture content of the grade A helium does not materially reduce
the purging capability of the flow, The only difference would be, that after purging,
the moisture concentration in the cavities can be up to 26 instead of 7 ppm, It is not
clear why this concentration should have a detrimental effect on the engine operation.,
But, even if it is assumed that purification is required, it remains questionable
that system clean-up at the Beta Complex is sufficient to maintain 7 ppm helium,
because of the downstream contamination effects mentioned above.
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| . o ABSTRACT o
l . S ©* ' CAPACITANCE POINT LEVEL SENSORS

On the S-IV vehicle we have experienced problems wiih the overfill and instru-
‘ 'mentation point level sensors. The problems are primarily due to: 1) faulty
_ ’vielectricnl installation, Figure 1 (cause crosstalk, mutual cap, ground loopé)
i - ":ﬂ7 ; ' 2) inadequate adjustment procedures resulted in eithervover sensitive or 1n-.
? I i§ : ;‘hdcguate sensitivity for proper operation, Figure 2, ‘

_ In order to rectify these problens electricul_installatiohs have been corrected
o . :on S=IV-T and subs for the overfill sensors, Figure 3. The rewvork eliminated

3 _ i - & ground loop problem and a source of stray capacitance caused by the absence

i Loy "A_of shielding on either signal lead passing through a conventional connector.

2 -f E ,lThe checkout and adjustment procedures vere revised from adjusting the trim
! . '% pot to a certain number of turns to adjusting the trim pot as necessary to
‘%,‘ ‘:'f: : E; establish the proper AC required for proper operht;on.
. The I.Kz' or overfill cutoff sensor was activated for the first time during
:__the cryogenic calibration tests on the S-IV-9 vehi¢le. The overfill cutoff
. signal vas obtained using S-IV hardware adJuﬁted per the revisedvprocedure,
" and installed per the reworked installation, | ’ :

-

» . ... During the calibration tests, the IH_ tank was vented on several occasions

o
S . with fhc liquid hydrogen above the 130 percent level, 'Each time the tank was |
* vented, the overfill sensor was activated and the overfill signal peraisted
until the vents vere closed, ' ’
. The activation of the overfill sensor appeared to be erratic and was thought
» H‘due to inaction with the vent valve command or due to pressurization-or both..
oo i: L _A special test was conducted during the, loading for the S=IV-9 Acceptance
! l";i-g,” . F;ring Test to verify:that liquid hydrogen did reach the overfill sensor prior
L .~ to venting liquid overboard, and to monitor sensor capacitance during the load-
!"-'é" " . ing operation in order to oxpllin the operation observed during the cryogenic

w_calibrstion tcsts.

APPenpix N




“This problem is caused by the Mathern AFB rndar and an ungrounded GSE power

Honeywell estimates 12 to 1k veeks to complete DE/Q testing after go-ahead.
.. They are planning to farm out some of the testing to Wyle Labs.
"2, Overfill Cutoff Sensors

An automatic capacitance measuring bridge was substituted for the control
wit and tke bridge output vas monitored on a strip chart recorder. ’

" During lBa loading, and over the 100% point on the mass probe, the bridge

output indicated a 100% A C change on the point level sensor. At that time.
the vent valves vere closed and the bridge indication reverted back to a dry
sensor indication. Loading vas continued and the bridge indication again :

: changed to a wet sensor indication. The vent-vulvqs vere opened but the,

sensor vet indication persisted.

‘A dry sensor ‘indication was obtained after the liquid level dropped below
- the sensor position, indicating that the sensor was working properly and
that information obtained from the overfill senaér during the cryogenic

calibration tests vas valid. On S-IVB the wiring installation is correct for
all sensors and the control unit design has been improved.

The 8-IVB B/S point level sensors are presently being checked out. During

the checkout, all the sensors simultaneously begm to cycle ON and OF’F at 0 ‘

© approximately a 12 CPS ratc.

‘?'BuPPlY. vhich provides power to the control units. ‘This problen is.being
;:investigated further by the RF Group., ' - _ .

" STATUS - S-IVB DE/Q TESTING

le Instrumentation{Degletion

A copy of the Minneopolis Honeywell Test Plan has been received and is presently

being reviewed by Engineering for appro%al.

Ky

A Lna Sensors = The proposed test plan ror the 132

 revision to sams have been submitted for DAC approval. The test -

;Jlj """ hardware is available and it is estimated that the testing will

require approximately 1 month for completion. A portion of the
test requiring the use of Iﬂz are being subcontracted to Wyle Labs,

L - N-2Z

PU probe and a ' .

;
§




o

- B

X

10X Sensors = The test plan is presently being written by M=-H.

Y.

Test hardware is available contingent on availability of a feed-

through connector and a mating plug (est. 10-20-6k).

& portion-of the test is to be performed by Wyle.

Here again '
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- HISTEHESLS

PSEUDD TRIGGER POINTS

" PROPER TRIGGER POINT -

\

(#17ININAM HYSTERESIS) -

AC,
A_c3 {lzZ r2ZZv.
N | r
| 1 -
| ] 1 .
- ocw cw
» " TRINFPOT LOCATIIN
4= A .
4 | RELAY ‘orF! [N——~——"|  RelaV"oFF’
A | rewviont | ——— —
W - ‘
S 3B _ oN : on |
RS ' OFF
W
W ON N
N ¢ A ¢
7 ’ OFE QFF. OFF
: oA . ON owv
“D OFF OFF.
AS TRINPET 1S ROTATED ( CCW TO CW) THE OUTPUT RSLAY WILL
PASS THROUGH ONE OF THE SSOUSNCES SHOWN ABOVE. ‘
— //4 8
_gzz_ /6(££ ROINT AN ALYSIS.
FNE TR FIGURE £28 2
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12. ENVIRONMENTAL CONTROL (SATURN IB/V)

12.A.-B. Test Status

(1) COLD PLATES

(a)

Dynamic testing of five cold plates, each with different arrangements of
attached components and categorized as to total weight, is now being
conducted. These development tests are directed primarily at obtain=-
ing dynamic environments for use in qualification testing of hard-
mounted astrionic components. Each test specimen includes, in
addition to the cold plate, a section of the forward skirt structure,
vibration isolators, and segments of the supply and return coolant
manifolds. The fluid portion of the system is pressurized with water
at 40 psig. Tests of three of the five plates have been completed;

there have been no mechanical or structural problems.

(b) Authorization has recently been received to proceed with the following

BURST TEST:

development tests (except for thermal/vacuum testing which was author-
ized by the original General Test Plan). Testing will begin as soon as

Test Control Drawings (TCD) can be written and test parts fabricated.

This test will determine the ultimate pressure that the cold plate can withstand.
Design burst pressure is 130 psig. In addition, the test will provide leakage and heat
transfer contact surface deflection and flatness data.

LIFE TEST:

This test will simulate the cyclic, pressurized operation of the cold plate system

during checkout at Huntington Beach, Sacramento and KSC. It will terminate with a

period of random vibration to simulate launch followed by 6-1/2 hours at limit pres-

sure to simulate orbital coast and translunar travel.
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VIBRATION TEST:

This test will determine the degradation of the heat transfer surface, structural
integrity (fluid tightness and bond strength) and transient pressure fluctuation within
the pressurized and fluid-filled coolant channels. The cold plate will be subjected to
vibration and shock while supported by vibration isolators on a section of the forward
skirt structure. Simulated astrionic components chosen with consideration as to what
is "worst for the plate' will be mounted to the plate. The effects of vibration on the

component attaching bolt torque and on fluid fitting torque will be determined.

THERMO/VACUUM:;

This test will determine the heat transfer capability of the cold plate in vacuum
while loaded with varying arrangements and amounts of heat inputs. In addition, it
will determine the effects of surface imperfections and flaws on heat transfer, and

the degree of improvement that can be expected with the use of flaw rework techniques.

SYSTEM FLOW TEST:

This test will (1) size the orifices in the system so that proper flow distribution

can be obtained, (2) obtain information for the design of orifice selection charts to be
included with production test procedures, (3) obtain a correlation between water and
water-methanol for the system and for individual plates and (4) establish techniques
for draining and filling the system.

Two of these five development tests, Vibration and System Flow, are defined by
released Test Control Drawings and parts are being fabricated. TCD's for the re-

maining three are being prepared.

COMPLETED TESTS

1. Determination of Lightening Hole Discharge Coefficients

Technical Memorandum No. A2-860~K411-63-TM-68. Tests conducted
during February and March, 1963.

Purpose:

To determine the discharge coefficients of three standard lightening hole

configurations which were being considered for use as orifices in the purge

distribution system.
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Results:

It was found that production forming tolerances affected the discharge

coefficients to an equal or greater extent than the lightening hole configura=-
tion differences.

Thrust Structure Manifold Airflow Distribution Tests

Technical Memorandum No. A2-860-K411-63-TM-78. Tests conducted
during March, 1963.

Purpose:

To verify satisfactory thrust structure manifold airflow, distribution,
determine thrust structure manifold leakage, size the manifold supply duct
orifice, and calibrate the particular structure (mock-up) being tested for
future tests of the complete aft skirt and interstage thermo-conditioning and

purge system.
Results:
All objectives were accomplished satisfactorily.

Aft Skirt and Interstage Thermo-Conditioning and Purge System Airflow

Distribution Tests

Technical Memorandum No. A3-860-K411-64-TM-117. Tests conducted
during October, 1963.

Purpose:

To verify satisfactory purge gas distribution throughout the system and

determine system operating pressures.

Results:

System operating pressures were determined and system distribution was
proven satisfactory.
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4. APS Module Thermo-Conditioning System Development and Pressure Drop

Tests - SAT IB Configuration ‘

Technical Memorandum A3-860-K411-64-TM-118. Tests conducted between
August and December, 1964.

Purpose:

To develop an external skirt passage design to duct the required thermo-
conditioning gases from the aft skirt thermo-conditioning and purge system
manifold to the APS module thermo-conditioning system inlet and to size
the APS module inlet orifices.

Results:

The external skirt passage configuration was developed with some amount

of difficulty due to the restrictions on passage area. The passage is bounded

by two vertical stringers on the sides, the aft skirt on the bottom and the

APS module skin on top. Because of this, development of the passage to a

configuration that would pass the required amount of flow was involved with

inlet designs and proper sizing of the APS module inlet orifices. A satis- .

factory configuration was obtained without complicated passage inlet and

outlet devices. However, the passage pressure drop is marginal and final

verification tests on production hardware is necessary.

Aft Interstage Air Discharge Vent Sizing - SAT V Configuration

Technical Memorandum No. TU24891 (Tulsa). Tests conducted during
February, 1964.

Purpose:

To determine the actual discharge coefficient of the SAT V aft interstage
discharge vents for comparison with the computed value. If the actual Cp
was found to be considerably different from the computed value the vent area

would have had to be adjusted accordingly to compensate.
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Results:

The actual Cp determined by the test was 0.64 against 0.61 as used for
calculations. The 5 per cent difference was acceptable for ground purging
and flight venting requirements.

TESTS TO BE CONDUCTED

1.

Aft Interstage Air Discharge Vent Sizing - SAT IB Configuration

Purpose:

The purpose of this test is identical to the purpose of the same test conducted
on the SAT V configuration aft interstage.

Status:

It is possible that this test will not be necessary. From a ground purge
aspect, the vent area is flexible enough to override any error in the Cp
used for vent area calculations. However, the inflight vent aspects must
be determined by the Aeroballistics section before a decision as to whether
or not the test is necessary. Test Control Drawing Number 1TO2676 has
been obtained for this test. If conducted, the test is expected to be com-
pleted by December, 1964.

APS Module Thermo-Conditioning System Development - SAT V Configuration

Purpose:

To develop an external skirt passage configuration as was done in the SAT-
IB configuration APS module tests; and to size the module inlet and internal

orifices for optimum thermo-conditioning distribution within the module.

Status:

On the SAT V configuration the aft skirt stringers are spaced closer together
than on the SAT IB configuration, requiring the space between three stringers
rather than two to provide the necessary passage area. The final cross-
sectional area of the SAT V passage is not appreciably larger than that of

the SAT IB configuration and the passage will also be longer. These facts
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4.

indicate that development of a satisfactory passage will be more difficult for
the SAT V configuration. However, tests conducted on the SAT IB configura-
tion have indicated several inlet designs that can be employed to increase

the efficiency of the passage if necessary. Test Control Drawing Number
1TO2677 has been obtained for these tests. Because of recent design
changes in the SAT V APS module, the final configuration is not yet known
and consequently the final test configuration has not yet been established.
Because of this only a tentative test completion date of February, 1965 has
been established.

S-IB to S-IVB Interface Seal Development Tests

Purpose:

To develop a seal of minimum leakage between the S-IVB aft interstage
closing frame and the S-IB seal plates. The tests will also determine
relative deflections between the S-IVB structure and the S-IB seal plates,

and develop seal plate installation and removal procedures.

Status:

The tests will be conducted per Test Control Drawing Number 1T00261 and
are scheduled to be completed by December, 1964.

Final APS Module Orifice Sizing and Thermo-Conditioning System Verifica-
tion - SAT IB/V

Purpose:

To verify APS module thermo-conditioning system design flow rate and

internal distribution on production hardware.

Status:

These tests are necessary to verify test results obtained from simulated
and mock-up parts. The tests will be conducted as soon as production
assemblies become available.
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MSFC Model 270 Multiplexer Assembly Tests

Purpose:

This component has been qualified by MSFC to less severe conditions than
those to be encountered on the S-IVB, yet its use and operation on the S-IVB
must be within the thermal conditions for which it has been qualified, i.e.,

no change in component design is permitted.

One multiplexer is located on the aft skirt. A development test will be
conducted in a thermal vacuum chamber to determine if the multiplexer
box temperature can be controlled between the MSFC qualified temperature

of -4°F and 185°F by means of a passive system.
Status:

The test fixture and facilities used for this test are being improved so that
the temperature of the aft skirt can be regulated at the calculated coldest
condition. Panel assembly 1A94955-1 is being fabricated. The wiring has
been completed and the test has been scheduled for the thermal vacuum

chamber upon completion of the test fixture and panel.

Aft Skirt and Interstage Thermo-Conditioning and Purge System Qualification
Test -~ SAT IB

Purpose:

Because of the inter-relationship between the aft skirt and interstage thermo-
conditioning and purge systems, these systems must be tested as a unit to
verify each system's ability to perform its function. These tests require

the short-time use of a stage with cryogenics aboard and large ground

support equipment.

Test Specimen:

The aft skirt interstage thermo-conditioning and purge system will be tested
at SACTO on the SAT IB configuration of the Battleship. At the initiation of

the S-IB programs the Battleship was chosen for the test specimen because
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of schedule requirements. To use the Battleship as a test specimen consider=

able simulation was necessary. The following points of simulation were .

required:

(a) Main Manilold Cross-Sectional Area - The basic shape of the manifold

is dillerent because of the smaller diameter aft skirt and thick steel
structurce. T'he arca was made ellectively equal to that of the stage by

lowering the bottom [rame [ive inches al DAC Station 241.

(b) LOX Dome and LHy Dome Surface Area - The LOX and LHy dome sur-

face al the common bulkhead [orm one surface of the manifold. Since
the shape, area of each, and materials are different from the stage,
the Battleship surlace was insulated differently in this area to form a

heal transler surlace equivalent to that of the stage.

(¢) Equipment - The equipment is simulated both by aluminum boxes and by
actual equipment. They are not located precisely as they will be in the
stage. This deviation was necessary because exact installation infor-

mation was not available at the time Battleship drawings had to be

rcleased. ‘

(d) I’low Simulation of the APS - Flow restriction valves were installed on

ducts simulating the APS. The ducts have been calibrated and final
adjustments to make the {lows equivalent to the stage flows will be

accomplished on the Battleship.

(e) Interstage Simulation - To prevent high ambient winds from affecting

the thermo-conditioning test results and to provide for the Saturn IB
interstage purge tests, the S-IVB stage to S-IB stage interstage has
been simulated with a flexible bag. The interstage vent holes will be
located as they are on the stage. However, they will be sized to regu-
late the internal interstage pressure at approximately one-half inch

of HyO.

Test Procedure

Thermo-Conditioning System

The aft skirt thermo-conditioning system will be tested with cryogenics

aboard, using GNg as the thermo-conditioning gas. The temperature of
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7.

8.

the gas will be manually regulated to 87°F at the set point while the flow is
regulated to the minimum amount of 16,000 lb/hr. A large number of pres-

sure and temperature measurements will be made from which will be deter-

mined system performance.

Purge System:

The purge system is integral with thermo=-conditioning system. The system
will be operated at ambient temperatures, with no cryogenics aboard and with
a minimum flow of 16,000 lbs/hr of GNgy. The test will continue for approx-

imately 30 minutes. Gas will be sampled for Oy content at 20 locations.

Status:

Battleship testb EB-501 Saturn IB/V, S-IVB Aft Skirt and interstage thermo-
conditioning test and EB~502.Saturn IB, S-IVB Aft Interstage Purge Verifi-
cation tests have been moved to the "hot" firing program period after the
No. 2 engine change. The tests should be performed during January or
February, 1965.

A temporary supply of gaseous nitrogen is being provided for these tests,
but the installation will not be complete until December, 1964.

SAT V Forward and Aft Battery Tests

Purpose:

This development test program will determine the battery case thermal
characteristics required to maintain the operating temperature of the

battery with minimum heating.
Status:

The Test Control Drawings are 90% complete. Test fixtures are available.
Brackets for mounting the batteries to the test fixture and wire harnesses
to the chamber penetration are being fabricated.

Environmental testing of the Hydraulic (Gimbal) System is included in
Agenda Item 15.
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13.0 THERMAL ENGINEERING

13. A High Performance Insulation

What is it ?

High performance insulation is designed as a system of multiple radiation
barriers that have an equivalent thermal performance of 10-4t BTU/hr-ft2-°F or less.
There are three trade products currently known to be available. The National Research
Corporation distributes a very thin aluminized mylar under the trade name of NRC-2.
The Linde Company's product is known as Superinsulation. The Owens-Corning
Company also uses thin films of mylar that they either electro-deposited with gold or
silver. DAC recommends NRC-2,

How does it work ?

All of the materials function by the same principle; namely, heat that is trans-
ferred to a vehicle by either solar or reflected radiation is absorbed at the tank wall '

and reduced to a very small percentage of the initial quantity by a series of multiple
radiation barriers. This implies that conductive and radiative heat transfer are
eliminated or are negligible. How that is possible is a critical part of the practical
design application of such materials., The elimination of conductive heat transfer
requires that the materials be loosely separated with very small contact areas between
adjacent sheets and virtually no structural supports or attachments along or around the
periphery of the vehicle. The elimination of convective heat transfer is somewhat
simplified by the availability of an infinite vacuum in space. However, to eliminate
the possibility of freezing air on the tank wall during ground hold a helium purge of the
insulation must be provided. This then necessitates that the helium be exhausted

during flight so that convective heat transfer is eliminated.

How is it applicable to the S-IVB?

The use of the internal insulation developed for the Saturn S-IV stage results in
approximately 4, 000 pounds of boiloff to the S-IVB. This comes from, in a large part,
heat transfer through the cylindrical part of the hydrogen tank. The elimination or

drastic reduction of heat transfer through the cylinder is possible through the use of ‘
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HPI. It is also possible to substantially reduce the heat transfer through the forward
dome. With HPI, the majority of the internal insulation is not required so that most
of the 2, 000 pounds of insulation weight can be eliminated. The main factor to bear in
mind is that the S-IVB is designed only for a LOR mission. This means that relatively
high heat transfer rates can be withstood through joints and external projections into
the tank. As mission times increase, however, the importance of each of the heat

leaks becomes more important.

What are the future uses ?

HPI is required to store liquid hydrogen in orbit. While other insulations can be
shown to work for the few hours in length missions, HPI is definitely required for
missions in excess of a half a day. The future national space programs will undoubt-
edly require the use of liquid hydrogen after storage in space for many days. The
development of HPI now will not only allow for a more efficient performance of the
LOR mission, but will allow for the development of an insulation that can be applied

to a tank designed for long term storage in space.

Refer to Plate 1: (Figure 61)

Shown on this chart is an outboard profile of the S-IVB with the HPI and shroud
installed. Shown are a series of straps to retain each of the 8 honeycomb shroud
panels that are used to protect the HPI as well as provide insulation during hold and
ascent. It can be seen that the installation includes the entire cylindrical area

extending fore and aft from the external flanged rings as shown in chart 3.

Refer to Plate 2: (Figure 62)

This is a detailed longitudinal cross section of the HPI and shroud. Shown on the
right is the helium purge gas manifold which is used to purge throughout the layers
of HPI. Each layer is spaced away from adjacent layers by a separating film of
mylar with gaps between each spacer to allow for the ilow of the purge gas. The
shroud is a fiberglas honeycomb material. A non-metallic honeycomb core was
selected to maintain within acceptable limits heat transfer to the hydrogen during
the pressurized hold and ascent portions of flight. Shown in the left hand side of the
chart is a typical purge gas vent hole to allow for escape of the helium gas during
flight. The size of the vents are critical in that the bursting pressure differential

across the shroud must be minimized. Fiberglas heat barriers 1 /16 of an inch thick
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will be placed between the bolted joints of the forward and aft skirts to reduce conducted ‘

heat transfer through the warm skirt. Also retained are rings of the internal foam
insulation approximately 1 foot wide at each of the forward and aft tank joints as well

as at the common bulkhead joint, The shroud is rigidly attached at the forward part of
the vehicle, but allowed to slide free on a bearing surface at the aft tank joint due to
thermal contraction of the tank. Each of the 8 shroud panels will be designed to

absorb circumferential contraction of the tank. This will be achieved through the use
of pre-tensioned straps with the degree of pre-tensioning based on the tank contraction.
These straps will then be severed during flight to allow for the jettisoning of the shroud.
Shroud jettisoning is one of the main requirements for achieving high payload capa-
bility in that the nearly 3, 000 pound shroud can impose a significant weight penalty

increase jettisoned, as shown in chart 4.

Refer to Plate 3: (Figure 63)

This figure is a presentation of the Saturn V trade-off factors from liftoff
through translunar injection. The left hand scale has been converted to shroud weight
to show the influence of jettisoning time on the effective shroud weight (actual weight
of shroud effecting payload). It can be seen at S-IC/S-II separation the shroud ‘
effectively weighs 250 pounds, whereas if it is carried to S-II/S-IVB separation it
weighs about 900 pounds. Likewise, the longer the shroud is carried the closer it
weighs to its installed weight of 3, 000 pounds. It is the DAC recommendation that the
shroud be jettisoned as near to S-IC/S-II separation as feasible considering such

things as dynamic pressure,

Refer to Plate 4: (Figure 64)

Comparison of the heat transfer to the current vehicle with the internal insulation
to that with the HPI is shown. It can be seen that the greatest reduction in heat trans-
fer comes at the cylindrical section where the HPI's efficiency shows up. This
efficiency, however, is not extremely critical in that, (1) the numbers include
degradation in heat transfer by a factor of 5 and (2) a further degradation would not
have a large effect on the total. This is because the total is made up principally of
heat leaks and heat transfer through the common bulkhead, aft dome and aft joint areas
that cannot be changed. The resultant reduction in heat transfer of approximately
692, 000 BTU's is equivalent to about 3, 500 pounds of boiloff. The 3, 500 pound boil-
off reduction cannot be used entirely, however, since in the overall HPI/CAPS ‘
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(5) That the basic incompatibility of continuous venting and HPI be rectified

by usine the intermittent vent scheme or cryogenic auxiliary propulsion.

Status

All work on development of HPI has been terminated pending receipt of ATP and

funding. A day by day slippage of the hypothesized schedule has been in effect since
1 August 1964,
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13.B S-IVB Insulation Test Results,

13.B.1 INTRODUCTION

The improvement program for the S-IVB LH2 tank internal insulation was
performed in two phases. The first phase was designed primarily to save weight on
the Saturn IB-S-IVB vehicle by reducing the amount of resin in the liner and potentially
eliminating the sealer. No changes were proposed for the 3-D foam or the adhesive
which bonds the foam to the tank wall. The second phase was aimed primarily at the
Saturn V/S-IVB vehicle where thermal performance is critical. The test objective
was to improve thermal performance by improving the hydrogen diffusion barrier.

Again no changes were proposed for the 3-D foam or the adhesive system.

Both phases of the development program have been completed. Each phase
required a number of '"Banjo' thermal conductivity tests to determine the optimum
insulation configuration on the basis of thermal performance. These tests were
accomplished by utilizing S-IV equipment which in turn limited the test specimen
insulation thickness to 0.5 inch. In addition to the ""Banjo'' tests, each phase required
an 8-foot scale tank test to verify structural integrity and thermal performance of the

improved insulation prior to full scale testing.

This report summarizes the results of the '"Banjo' thermal conductivity tests
and the 8-foot scale tank tests. The effectivity of the improved insulation is also

presented along with a disucssion of future qualification and improvement tests.

13.B.2 TEST RESULTS

13.B.2.1 PHASE 1

A weight reduction of 280 1b per vehicle can be realized by using the liner/sealer
configuration developed during this phase of the test program. The liner consists of a
181 style glass fabric impregnated with 50 percent ERL 2795/2807 epoxy resin. In
comparison with the S-IV liner this represents a 25% reduction in resin content. The
liner is vacuum bag pressured to maintain intimate contact of the liner to the 3-D

foam until the resin has cured. The vacuum bag is then removed and the liner is
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given three hand rubbed coats of ERL 2795/2807 epoxy resin. Each application of

resin is carefully rubbed into the pores of the liner and the excess resin removed .
with clean lint free cloths. The rub-on coats of resin act as a barrier film in a

manner similar to the spray coats of DV-1180 used on Saturn S-IV. The other compo-

nents of the composite insulation are identical to the Saturn S-IV internal insulation

configuration insofar as the materials are concerned. The 3-D foam tiles used in the

cylindrical portion of the S-IVB tank are larger and thicker than those used in S-IV

tank.

"Banjo" Tests

The results of several ""Banjo" thermal conductivity tests with the S-IV and
Phase I liner /sealer configuration are presented in Table 3. A comparison of the
thermal conductivity values indicates that eliminating the DV-1180 sealer and
reducing the liner resin content has no significant effect on thermal performance of
the insulation.

8-Foot Scale Tank Tests

A series of 7 LH2 fill, boiloff and drain cycles was performed with the ‘
improved insulation. Some liner delamination was observed after the first few test
cycles, however, the delaminated areas remained small and therefore were not
considered a serious problem. Several areas of liner delamination were repaired
after test cycle No. 5. The repaired liner performed satisfactorily during test
cycles No. 6 and 7. As a result of the 25 percent reduction in resin content, no
cracking or crazing of the liner (a serious problem with the S-IV liner) was observed
indication of the 3-D foam debonding from the tank wall.

Temperature and boiloff data obtained from the test were used to calculate the
effective thermal conducitivity of the improved insulation. The results of these com~-
putations are presented in Table 4. Thermal conductivity values calculated from
the 8-foot scale tank test show very close agreement with values measured in the
laboratory with the "Banjo'" apparatus.
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13.B.2.2 PHASE II

An impervious hydrogen diffusion barrier was not found; however, a lighter
weight liner /sealer configuration was developed offering the greatest hydrogen
diffusion retardation characteristics within structural integrity limitations. A weight
saving of 517 lb. will be realized for both the Saturn IB and V with no sacrifice in
thermal performance. The liner consists of a 116 style glass fabric impregnated with
Narmco 7343/7139 polyurethane resin (60 percent resin content). The liner is vacuum
bag pressured to maintain intimate contact of the liner to the 3-D foam until the resin
has cured. The vacuum bag is then removed and the liner is given three hand rubbed
coats of Narmco 7343/7139 polyurethane resin. Each application of resin is carefully
rubhed into the pores of the liner and the excess resin removed with clean lint free
cloths. The rub-on coats of resin act as a barrier film in a manner similar to the
spray coats of DV-1180 used on Saturn S-IV. The other components of the composite

insulation are identical to the Phase I configuration.

"Banjo'" Tests

The results of several "Banjo" thermal conductivity tests with the Phase II
liner/sealer configuration are presented in Table 5. Comparing thermal conductivity
values with the S-1V and Phase 1 liner/sealer configurations indicates a slight
improvement in thermal performance of the insulation. In other words, the polyure-

thane resin is a more clfective hydrogen diffusion barrier than the epoxy resin.

8-IFoot Scale Tank Tests

The improved insulation was subjected to eight LH2 fill, boiloff, and drain
cycles. A malfunction prevented completion of test cycle No. 5. Several holes were
drilled in the liner prior to test cycles No. 7 and 8 to determine the effcct of hydrogen
diffusion on the liner-to-goam bond. A visual inspection of the liner after each test
cycle revealed no delamination, cracking or crazing on the cylinder and dome portions
of the tank. Liner delamination was observed on the circumferential stop-off areas
between the cylinder and domes. This phenomenon was attributed to the vacuum bag
technique used to apply the liner. The use of a bleeder cloth which would not conform
to the curvature of the tank wall resulted in a poor bond between the liner and 3-D
foam. This problem is unique with the 8-foot scale tank and will not occur with the
S~-IVB LH, tank.
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Ultrasonic inspection performed throughout the test revealed no indication of
the 3-D foam debonding from the tank wall.

Temperature and boiloff data obtained from the test were used to calculate the
effective thermal conducitivity of the improved insulation. The results of these com-
putations are presented in Table 6. Thermal conducitivity values for the 8-foot scale
tank test agree very close with the ""Banjo' test data. The increase in thermal
condicitivity in test cycles No. 7 and 8 is the result of the holes drilled in the liner.

13.B.3 EFFECTIVITY

Table presents the effectivity of the various liner/sealer configurations with

respect to the S-IVB ground and flight test vehicles. The Phase II insulation improve-

ment will be effective on all flight vehicles.

13.B.4 FUTURE TESTING

13.B.4.1 QUALIFICATION TEST

Additional thermal conductivity tests are required for the improved insulation
to determine:

a, The effect of increasing the insulation thickness on thermal performance.

b. The effect of reducing the sealer application from 3 to 1 rub-on coats
(maintaining the same sealer density per square foot of liner) on thermal
performance,

c. The validity of the "Banjo" test as a method of measuring thermal
performance by comparing thermal conducitivity values calculated from
the 8-foot scale tank test with data obtained in the laboratory.

d. The influence of the Saturn V/S-IVB ground hold and orbit thermodynamic
environment on thermal performance.

The thermal conducitivity test apparatus is currently being modified to permit
testing of 1.0 inch thick insulation specimens consistent with S-IVB design.




13.B.4.2 IMPROVEMENT TESTS

Liner improvement through state-of-the-art advances has been aécdmpliéhed to

the maximum extent practical. The development of an imperviéus hydrogen diffusion
barrier for the S-IVB LH2 tank is not practical from the standpoint of material
technology and inherent application problems. However, a weight optimization

program for the 3-D foam and the adhesive (lefkoweld) system could result in an
additional weight saving of 500 to 600 1b. The areas of possible weight reduction are:

3-D Foam

Type of foam

Foam Density (1b/ft3)
Thread Density (1b/ft3)
Total Weight (lb)

Weight Reduction (1b)

Adhesive

Type of Adhesive
Weight/ft?‘ of Foam
Total Weight (1b)

Weight Reduction (1b)

Configuration
Present Proposed
Polyurethane T.B.D.
4.7 2,35
0.8 0.8
884 442
0 442
Configuration
Present Proposed Proposed
Lefkoweld Lefkoweld Narmco
0.108 0.08 0.05
389 . 288 180
0 101 209
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A number of component tests at cyrogenic temperatures would be required to
obtain data for various parameters such as permeability, tensile and compressive .
strength, tensile bond strength, thermal contraction and expansion, and thermal
conducitivity. An 8-foot scale tank test would also be required to verify structural
integrity and thermal performance prior to full scale testing.
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13.C RESULTS OF LHy HEAT TRANSFER DISPERSION STUDY

The effect of variations in the various parameter's affecting propellant heating
has been studied under Scope Change 1199A for the Saturn V/S-IVB lunar orbital
rendezvous mission. Comparisons are made with the current estimate of propellant
heating. Relative importance of the various parameters affecting propellant heating
has been determined. It is assumed that minimum propellant heating is generally
desirable, but not to the extent of introducing undue insulation weight penalties and
flight restrictions such as launch date and vehicle orientation. It has been determined
which parameters should receive most attention in attaining minimum propellant
heating.

Propellant heating effects of the following parameters have been determined:

a. solar absorptivity

b. tank skin emissivity

c. launch date and time

d. orientation

e. insulation physical and thermal properties

f. (exit) trajectory dispersion

The assumptions relating to LH2 heating which are cur;'ently used for design
purposes are generally conservative, although no 'factors of safety' have been

included. This approach is believed to be the only correct one for design to avoid
flight limitations.

The following information and assumptions were used in determining the "design"
value of propellant heating through the cylindrical portion of the tank:

100 nautical mile circular orbit

vehicle longitudinal axis parallel to velocity vector

a(solar absorptivity) = 0.3, (emissivity) = 0.9, A (albedo) = 0.4

¢ (insulation specific heat Btu/1b-"R) = variable as a function of temperature

k (insulation conductivity) = 0, 03 Btu/hr-ft-°R

A-163



insulation thickness = 1.0 inch

insulation core density = 5.5 1b/ft°

effective tank wall thickness (t) = 0.148 inch
wall material: 2014~T6 aluminum, anodized
launch date and time: winter noon

trajectory: (MSFC) Ref.: M-AERO-D-1-63, (4-29-63)

This study indicates that there are a considerable number of parameters which
affect propellant heating. Many of these are only moderately important, in that they
affect propellant heating of the order of 5 percent. Reductions of this magnitude are
thermally desirable, but in most cases would impose flight restrictions such as launch
date and time of day and weather conditions. From an overall standpoint such
restrictions may not be desirable. There are other factors which affect propellant
heating to the extent of about 2 or 3 percent.

Large scale effects are those associated with LH2 tank surface finish (solar
absorptivity and emissivity) and insulation conductivity. These represent areas of
greatest potential control and, consequently, most of the effort to minimize propellant

heating has been in these areas.

Figure 68 shows the effect of varying emissivity while all other factors are held
constant. It can be seen that the extreme variation from 0.1 to 0.9 (current value)
results in a spread of approximately 60,000 Btu. This indicates that it would take a
highly reflective surface before any substantial reduction in propellant heating can be

achieved.

Figure 69 shows a similar effect by varying solar absorptivity over the range 0.1
to 0.9. This range covers a variation in heat transfer of approximately 400, 000 Btu
and it can be seen that changes in absorptivity are much more significant than
comparable changes in emissivity, This is further indicated by Figure 70 which is a
cross plot of both emissivity and absorptivity effects on propellant heating for the
total mission duration.

Figure 71 shows the effects of launch time and date considering only the two
extremes resulting in maximum and minimum solar input, since there is only a
30, 000 Btu spread between the extremes.
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Figure 72 shows the effect of the insulation thermal conductivity. This is one of
the most significant parameters and one where it was hoped to achieve reductions
from the current value of 0.03 Btu/hr-ft-°F in the recently compieted insulation v
improvement program. The potential maximum condition is shown at a k = 0.04
which corresponds to the insulation being completely saturated by hydrogen vapor.
This value of 0.04 is the equivalent constant conductivity considering changes in the

insulation temperature throughout the orbit duration.

 Figure 73 shows the effect of insulation thickness and conductivity on the
equivalent weight of the insulation itself and the boiloff based on a particular value
of conductivity. This shows that no reduction in heat transfer is achieved by thickening
the insulation and it is more costly in terms of the insulation weight increase rather
than a reduction in boiloff.

Figure 74 shows the effect of various orientations of S-1VB with respect to the
earth and the sun. The top curve represents the currently assumed orientation,
namely, the longitudinal axis parallel to the velocity vector. There would be a
possibility of reducing heat transfer by upwards of 75, 000 Btu by an inertially
oriented vehicle whose longitudinal axis is parallel to the suns rays.

Figure 75 shows the effect of varying the product of density and specific heat of
the aluminum tank. This parameter affects the heating storage capacity of the tank
and, therefore, the amount of heat that is e'v;entually conducted into the propellant.

A variation of 20 percent in this parameter results in a variation of 40, 000 Btu.

Exit trajectory dispersions were also considered. These dispersions affect
structural temperatures more significantly than propellant heating, The maximum
increase in heat transferred to the LH2 was less than 0.25 percent of the total through

the cylindrical section.

Figure 76 shows the overall effect of all major parameter variations related to
the current design value for propellant heating, It is believed that the upper curve
represents an extremely unlikely condition in that the insulation foam would haveto be
completely saturated with the hydrogen gas, the density-specific heat parameter would
have to increase by 10 percent and the vehicle would have to be launched on the worst
possible launch date. The bottom two curves represent more likely conditions for
propellant heating resulting from more favorable values for some of the parameters as
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well as a more favorable launch time. It is recommended that an attempt be made to

reduce the emissivity and absorpotivity of the hydraogen tank and that other parameters ‘
be left to the values currently in use.
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